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Project  Suinmary 

■ 

The research reported here and supported by the Advanced Research 

Projects Agency of the Department of Defense involves the detection of 

human bioelectrical phenomena that have been made analogs of ongoing 

cognitive processes and the utilization of these phenomena to control 

and/or communicate with external devices. The technique is applicable 

to situations requiring rapid human intervention in the control of 

complex systems operation. The major advantage of the procedure is the 

virtually automatic control of systems by the trained subject. 

We are training human subjects to respond to alpha-numeric symbols 

such that a discriminable response is obtained for each symbol.  The 

symbols are an abbreviated list of the English alphabet. The bioelectric 

response is the clectromyogram (EMG) recorded from the surface of the 

skin overlying muscle.  The actual training was accomplished initially 

on an off-line logic device and later by an interactive computer 

pregrammed to present stimuli and deliver reinforcements of various kinds 

to the subjects given the appropriate response code.  This year's final 

report covers the preliminary training procedures and the instrumentation 

and software developed in support of the project. To provide a pcrRpcc- 

tive for tills year's accompli shments, a brief resume of subsequent 

project goals are presented below. 

As the project proceeds the subjects will be required to correctly 

codify increasingly co iplex stimulus patterns, such as simple words or 

phrar.es. We will also train subjects to interpret machine generated codes 

presented through EMG recording electrodes, thus incorporating the 

provision for machinc-to-i nn as well as man-to-nmlii ne conminicatlons. 

I 
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Concurrent with  these efforts we also plan  to record EMG potentials 

from the vicinity of  the oral  cavity   (laynyx,   tongue)   to investigate 

the feasibility of performing pattern recognition analysis on  these 

responses which have been  implicated  in  subliminal  vocalization.     We 

also will  record and analyze brain potentials  from the surface of  the 

scalp  in an attempt  to obtain an even more  "central" measure of cognitive 

functioning  than the EMG measures  described above. 

The  immediate applications  of  this  research are  in  1)   the develop- 

ment of computer  systems   to decode and analyze human communication  - 

in  this  respect we view this  program as an alternative or adjunct   to 

current  efforts  involving  die development of a machine capable of 

decoding human voice;   2) monitoring the reactions and decision making 

processes  occurring in stressful,  complex,  or persuasive situations; 

3)   situation.'-, requiring rapid and  continuous  feedback of systems 

operations  to  the human controller;  4)   situations wherein interactive 

communication between man and machine are  desirable but not currently 

practical   because of time restraints or environmental restraints. 
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System and Procedural Overview 

The long range objective of this project is the development of 

an efficient and accurate man-machine interactive method, involving 

use of biofeedback control. As such, it is our goal to utilize clearly 

structured bioelectrical aspects of human response generation and 

decision making.  The major advantage of this goal is virtually 

automatic interactive systems control by trained subjects. 

We are currently training subjects to respond to alpha-numeric 

symbols such that a discriminable response will be obtained to each 

symbol. The symbols are a truncated set of the English alphabet. The 

response is the electromyogram (EMG) recorded from the surface of the 

skin overlying muscle. The EMG is most directly an index of motor 

nervc activity rather than of muscle activity level since the magni- 

tude of the electrical response is a direct function of the amount 

of neural activity imposed upon the individual motor units of skeletal 

muscle.  The EMG is always present upon sufficient neural activity to 

elicit muscle movcnicnt and is also detectable given neural activity 

insufficient to generate movement.  Interestingly, when I subjorl: Is 

instructed to "think about" flexing a specific muscle, a recording ol 

the EMG accompanying this cognitive process is possible.  In short, 

the EMG has the unusual property of being activated by the mere thought 

of activating the response system, e.g., the muscle (l.cuba 4« Ounlap, 

1951). This property of the EMG has been known for yvars   (lief f er line 

&  Perera, 19b8) and lias bfen utilized in scvi-ral applied biocnglneerln'; 
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situations, most notably the control of prosthetic devices.  In this 

case the subject, with sufficient training, becomes quite adept at 

controlling his prosthetic device and reaches the.  point where he need 

not actively conceptualize a muscle movement to produce the EMG signals 

necessary to control the limb and reach his goal, but merely "thinks" 

of the desired movement to be performed. The thought of the movement 

is sufficient to produce the necessary EMG's*  Later in his training 

he need not even think of the movements necessary to reach the goal, 

but merely thinks of the goal with the same lack of direct, conscious 

commands as does an intact human.  It follows, of course, that the 

muscles used to control the limb cannot be occupied witli other tasKS 

that would produce error commands. 

The project reported herein deals with the capability of training 

a human subject to control and/or interact with complex electronic or 

mechanical systems. Basically the project involves the detection of 

bioelectrical phenomena that are analogs of ongoing cognitive processes 

and the utilization of these phenomena to control external events. The 

project also allows the system being controlled to communicate with 

the human operator in either a feedback or an interactive manner.  In 

bypassing the subject's manual or vcrlvil response apparatus an apprec- 

iable time saving may be achieved.  By eliminating the normal feedback/ 

interactive modes of communication currently employed by machines 

(generally visual signals produced mechanically or electronically) a 

further potential time saving can be realized. 

_ 
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We have achieved the initially described first year objectives 

during the past eight months of the project.  In essence these were 

twofold:  1) develop the interactive systems hardware and software, 

and 2) train subjects to generate and respond correctly to alpha- 

numeric symbols using EMG responses. 

The semi-annual report (January 1 to June 30) described initial 

development of a partially hard-wired system (the final system 

required additional computer equipment which was only delivered in 

September, 1972) and initial subject training. 

A central instrument in the conduct of this project is the 

augmented computer configuration.  Since we have completed the transi- 

tion from off-line logic control to on-line control and analysis, we 

are now in a position from the computational point of view to be able 

to acquire up to 24 simultaneous EMG and EEC records as necessary to 

support the various tasks defined for subsequent years. This acquisi- 

tion capability in conjunction with the data storage and computational 

capability in the form of the disc facility and the floating point 

processor provide a highly flexible tool for use in the accomplish- 

ment of the defined task sequences. 

The software which was developed before delivery of the addon 

equipment was oriented toward the control of the training program. 

We arc currently expand in;; those software sets to utilize the full 

capabilities of the system. 

Subjects have been trained to generate 16 different muscle patterns 

on cue. The process of training subjects to generate these precisely 
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defined motor responses  to visual  stimuli proceeds   from a  simple match- 

to sample task to  the codification of a  truncated alphabet by use of 

these defined sets  of responses.    The responses  currently being directly 

trained are  the electromyographic   (EMG)  records     from the skin surface 

overlying four muscles. 

Left and right  flexor pollicis brevis   (thumbs) 

Left and right obductor digiti minimi   (little  fingers) 

Subjects are required  to generate these EMG responses without appreci- 

able movements of  the muscles or  fingers.    This aspect of the task- 

generating the EMGs--has proved eas/ for subjects and surprisingly 

"enjoyable" for  them.     They report ttnt it is   "fun"  to do it with 

the attendant computer biofeedback.    We have  emphasized use of 

immediate visual   feedback in training to date.     It is  in fact remark- 

able how rapidly well  trained subjects can generate  the alpha-numerics 

and how quickly untrained subjects can learn  the  task.    We were pleas- 

antly surprised  that  training naive subjects proceeds so fast.    We 

have a strong impression that the manual capabilities of man, utilized 

in terms of EMG activity rather than substantial movements,   far exceed 

expectations based on current manual   task requirements. 

This  final report  for  the first year of the project encompasses 

three areas.    These are reports of: 

Methods and  techniques involved in the overall   training procedures. 

Permanent subject performance under several  paradigms. 

Short  term subject performance under a multimode  feedback  situation. 

Each of the topics will be considered  in a separate section. 

I 
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Technique and Methods 

The initial task was addressed to the problem of selecting EMG 

recording sites. The criteria for selecting muscles to be used were 

as follows; The muscle must be superficial and not lie under an 

overly thick layer of adipose tissue which would act as an electrical 

shunt. The muscle had to be reasonably large sach that a detectable 

EMG would be generated given minimal neuromuscular activation. Since 

our task will eventually require very rapid patterns of responses the 

muscle had to be capable of responding at high rates of brief con- 

tractions. We have limited ourselves to surface recording of the EMG 

with disc electrodes. This necessitated a recording site which was 

not affected by the activation of other muscles lying adjacent to our 

target muscle. Thus, we were seeking a muscle which was relatively 

anatomies ly isolated. A prime consideration dealt with the possible 

confounding effects of using muscles which might be expected to be 

utilized in normal postural control. For this reason we eliminated 

most of the large muscles of the limbs (they also are incapable of 

responding at high frequencies). After trial we eliminated the muscles 

of the face and head because they were 1) too small and 2) were 

involved in largely involuntary movements arsociated with resrlration, 

swallowing, eye bliaks, etr. Since we want to utilize a rathe- 

subliminal muscular contraction a muscle with as high an innervation 

ratio as possible would be desirable.  Finally, for practical reasons, 

the muscle had to be readily accessible without embarrassment or 

discomfort due to electrode placement. 

_^—.  
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Muscles  that were considered and rejected for one or more of the 

above reasons included:   frontal and occipital epicranius,  orbicularis 

oculi,   superior auricular,  depressor  labii inferioris, maseter, 

trapesius,  biceps brachii,  brachioradialis and other  superficial 

muscles  of  the forearm.     The muscles  deemed most suitable  for  this 

project were the flexor pollicis brevis   (flexion and adduction of 

thumb)  and  the abductor digiti minimi   (abducts  little  finger)  both 

intrinsic muscles of the palmar surface of the hand.    To simplify 

the subject's task we have utilized  four muscles giving 16 response 

combinations.    From these 16 combinations  (discrete response plus 

no response)  one can construct a communicable alphabet  (see Appendix 

A). 

Once ch-sen the muscles were mapped on    he surface of the over- 

lying skin to determine the location yielding the best signal   to noise 

level.    Using differential amplification the most satisfactory results 

were obtained by placing the active electrode over the belly of the 

muscle and  the indifferent over  the distal  tendon.    All recording 

configurations employ earlobe grounding.    Amplifier gain was  from 

30-150 V/cm.     (Grass polygraph—EEG channel) with a  bandpass of 1  to 

75 Hz.     Figure 1 shows a  recording  from the  flexor pollicis  brevis 

(brevis)  and abductor digiti minimi   (minimi)  for both hands.     The 

subject here  is performing  low amplitude  twitches of  the muscles at 

will. 

Testing and  training  took place  in a  sound-attenuating,  ventilated 

chamber which was dimly  lit   (see Figure  2).    The subjects  sat in a 

comfortable,   stuffed chair and were not required  to utilif.e any of 

■ -   -  - —■ "-        ■-*—- -     -      ' ■       -■   -     -   —■• ^— ^^.—=.—^—^^^^^^„L^^^^^Maam 
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Figure 1    Polygraph recording of EMG's obtained from relatively 
imttAlned subject instructed to perform low amplitude 
twitches of four muscles at will.    Minimi refers   to the 
abductor digiti minimi   (little finger);  brevis refers 
to flexor pollicus brevis   (thumb). 

Gain = 75 ;jV/cm;   speed = 2.5 mm/sec. 
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Figure 2  Physical arrangement of the training facilities. 
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The next phase of training and system development involved the 

association of the S Code lamps with n particular alphanumeric display. 

Referring hack to Block Schematic A (Figure 4) note that the S Code 

was relayed to the computer. A program was developed (Appendix B) 

to decode the S Code and display the appropriate alphabetic character 

on the remote display unit for the subject to view. The results of 

this stage are discussed In the section dealing with permanent subject 

training and performance. 

The use of control logic left much to be desired in terms of 

reliability, flexibility and convenience. Consequently, we redesigned 

the control and analysis sytems to shift system control and atoaitoring 

Co the cooputcr. Block Schematic B (Figure 5) depicts the current 

system configuration. A new computer program (Appendix C) was developed 

to support the new configuration. The EN'J "R Code" is captured In 

the sasw sunnier as previously but is now routed to a scries of com- 

parators to perform an analog to digital conversion. The computer 

external sense lines then permit decoding of the R Code under software 

control. As a function of the detected R Code and at the experimenter's 

option the computer can 1) activate the R Code lamps for patterned 

visual feedback; 2) activate audio oscillators which arc spitially 

airanged for auditory feedback; or 3) display the R Code alphabetic 

character on the alphanuncric display unit as a form of cognitive 

feedback. 
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Figure 5    Block Schematic B.     Systems configuration to support the 
experimental control  and data analysis of the project. 
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The S Code Is generated either by a random logic device or by 

manual intervention through the computer's tel type device. The 

computer presents the S Code and monitors the sense lines for the 

R Code. While monitoring and matching the R Code to the S Code, the 

computer constantly updates the feedback options with the current R 

Code responses. When a match is detected between the S Code and R 

Code the computer signals a reinforcement. 

Under the control logic system we could only determine the total 

number of correct responses during trials. This program provides a 

letter by letter analysis for each trial consisting of an Indication 

of the S Code, the subject's response, and the latency for each muscle 

group in milliseconds. 

This provides the substrates for a much finer grained analysis 

of these behavioral properties. Appendix D contains the computer 

programs used for the analysis of data acquired this procedure. 

We are currently developing a program which provides the capa- 

bility of multi-character S Code and R Code control and analysis. This 

program will also provide for incorporation of the analog-to-dlgital 

capabilities for EMG and EEC patterns analysis scheduled for year #2. 

^ -' - - ■-—■- ——  -   —>.---.. -..   
- ■   - 
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Permanent Subject Training and Performance 

18 

Using the procedures described previously we have two permanent 

subjects in different stiges of training. The first subject was 

initially trained with the logic control system and her training has 

continued after the transition to computer control.  The second sub- 

ject began training after the implimentation of the computer control 

system.  Co-.iriequently, the training for the two subjects has differed 

slightly. 

Preliminary Training Both Subjects 

We noticed that although the two muscles on each hand are well 

separated that the contractior of one was accompanied by the activa- 

tion of the other to a noticeable degree. Our first step was to 

eliminate this interaction. To this end we placed a 4-trace oscillo- 

scope in front of the subjects.  The subjects saw each MG channel 

and received immediate visual feedback that served two functions. One, 

it effectively eliminated the muscle interactions by allowing the 

subjects to observe and suppress the "wrong" response.  Secondly, if 

gave the subjects a "feel" for what kinds of bioelectric signals she 

could produce. 

During this phase of training, the subjects were instructed to 

twitch their muscles at will and simply observe the oscilloscopic 

display.  The subjects wore apked to attempt to twitch cadi muscle 

independently and in various combinations.  They were also asked to 
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make smaller and smaller   twitches.    The subjects  found  these  tasks 

relatively easy.    In fact at the end of this phase of training the 

subjects were able to issue quite respectable potentials   (about 50-100 

uV) without any apparent movement. 

■'■*—•'-'■* ' —'- -■■  ■      .-.       '      - - -        - -  —- 
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PERMANKNT SUBJKCT ONE 

Alphabetic Training 

The initial alphabetic training for this subject was wich the 

logic control system. The subject attained 90 to 95X correct nutcli- 

to-sample responses at 1 sec display time after 1000-1300 trials. 

Figure 6 presents a polygraph record of the subjects performance at 

the end of this phase of training. As can be seen the baseline is 

relatively quiet. Most of these responses occur in the absence of 

any overt twitch. 

Figure 7 presents the results of a session after the subject had 

mastered the match-to-sample task.  In this (»articular session the 

subject was exposed to four different display times:  3.0, 2.5, l.S 

and 1 sec.  Plotted are the percent correct responses per block for 

the various display times. As can be seen the longer display times 

represented a relatively easy task. At one second display times the 

subjects performance improved from 507. correct (where 67. is the chance 

level) to 857. correct in three blocks.  Interestingly when the subject 

made an error there was often an Increase in inttrtrial responses. 

This probably reflects an emotional response on the part of the sub- 

ject to the cognizance of making an error. At the end of this piiase 

of alphabetic training the subject evidenced a high degree of control 

over the EMC responses to the S Code lamps. 
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FlRure 6    Polygraph recording of EMC's obtained fro« a aubjact well 
trained on the  lamp display Mtch-to-saaple task. 
Gain • SO uV/cn;  «peed * S ■■/sec. 
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Figure 9 Results of the alphabetic display training analyzed for a 
trials effect across blocks within a session. The 25 
trials were collapsed into 5 blocks of 5 trials each. 
Plotted are the percent correct responses per 5 trial 
block as a function of display time (1.0 sec display, 2.0 
sec display, and both display times pooled together). 
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Figure 10 Results for alphabetic training from five daily sessions 

of 256 trials each. Plotted arc the sixteen alphabetic 
responses and the overall performance in percent correct 
responses.  Display time here is 2 seconds. 
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Figure 11    Results  for alphabetic   training from four daily sessions 
of 256  trials each.     Plotted are the sixteen alphabetic 
responses and overall  performance in percent correct 
responses.    Display  time 1 second. 
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Figure 12 Results for alphabetic training from three daily sessions 
of 255 trials each.  Plotted are the sixteen alphabetic 
responses and overall performance in percent correct responses. 
Display tiue is 280 milliseconds. 
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As can be seen In Figure 11 thU ftubject1! overall performance 

exceeds 9071 correct at a I second display time. When display times 

are reduced to 280 milliseconds (Figure 12) overall performance levels 

drop to about 501.    This is to be expected since this display rate 

approaches the limit of human performance for a visual motor reaction 

task with a vigalcnce component. Only one response pattern falls to 

chance level (the pattern for the letter "P"), the rest continues to 

be performed at a level significantly above chance performance. 

A crucial point to recall, here, is that during the tria's the 

subject does not know what the next response requirement wl'. 1 be. 

Consequently, she mist wait until a stimulus is presented and then 

select and initiate the appropriate response. The subject is required 

to perform at a rate selected by the system as opposed to performing 

at her own selected rate. The effect of thia is suggested in Figure 

13 where performance at 280 msec with warning is better than without 

warning.  The performances reflected in Figures 10 through 12 were 

also analyzed for a trial« effect similar to that of Figure 9 (Figure 13) 

In this case 256 trials were collapsed into four blocks ol 64 trials. 

The data are expressed for display timos of 2 seconds, 1 second, 280 

millisecond, and 280 millisecond preceded by a I second warning light. 

Performance is essentially asymptotic with the 2 second and 1 second 

displays (compare to Figure 9) The performance at a 280 millisecond 

is as good or better than the 1 second performance earlier (Figure 

9), while the 280 millisecond display performance is reminiscent of 
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Figure 13 Results of alphabetic display training analysed for a 
trials effect across blocks within a session. The 7S6 
trials were col lapsed into four blocks of 65 trials each. 
Plotted arc the preccnt correct responses per 64 trial 
block as a function of display time (2 seconds, 1 second, 
280 milliseconds and 280 milliseconds proceeded by a warning 
light). 
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the late trial dimunltlon of Figur« 9. It li quit« clear that th« 

subject show« significant performance in that reaction times approach 

Units of hunan visual-reaction perfomsnee (see below). 

One of the goals of this project Is the training of "autonstic" 

or nearly reflex responding and encoding in human subjects. To this 

end we are decreasing the display time for this subject to the lower 

limits of human visual-motor reaction times. 

There sre two am in goals of this type of training. The first Is 

to train subjects to make all responses for a given code nearly in 

unison (+ bO milliseconds). The second is to minimise the time 

available for discrimination and response selection thereby forcing near 

autosMtic responding.  Table I st'ows the response latency by muscle 

for each letter averaged over three sessions with a 280 msec display 

time. 
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TABLE I 

POOLED OVERALL lATENClES 

IN MILLISECONDS 

Uft 
LL 

Mini»! 

Left 
LT 

Brevlt 

Right 
RT 

BrevU 

Right 
RL 

Minimi 

A 235 

C 220.8 228.9 

201. 198.2 197.8 210.4 

214 

220.A 235.7 231.4 

213.8 

205.4 
• 

226.8 

224.5 241.0 
■ 

258.7 

214.6 

220.2 227.^ 

20-'. 7 222 h 205.7 

.126.7 212.9 

213.5 232 

198.3 207.2 

218.3 222.1 225.2 

Reliction latencies seem to be shorter for rombinutions of muscle 

responses as opposed to single muscle responses. Ihis reflects the 

physiological control exerted by motor cortex on flexor motor neurons 

activating the muscles in question. 
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PKRMANENT SUBJECT TVO 

Figures 14, 15 and 16 deal with permanent subject two's perform- 

ance during three portions of training. Figure 14 reflects patterned 

light perforimnce for each light pattern (Appendix A) at a 2-srcond 

display time for several sessions. There art clear learning curves 

associated with each pattern and by the third session performance 

was above 907. controversal. Figure 13 shows performance during die 

transition from patterned light to alphabetic encoding. There were 

four sessions during which the subject was presented both patterned 

light and alphabetic displays. Again, by the third session this 

subject was performing in excess of 907. correct overall. 

The subject was then trained on alphabetic displays only. Figure 

16 reflects performance by letter during the first four sessions of 

letter training at a 2 second display time. Over the sessions, the 

subject shows consistent Improvement and Is responding at 907. accuracy 

by the fourth session. Figure 17 shows a trials effect analysis for 

two display times for this subject: One curve Is for a second display 

period the other Is for a one second period. 

These data reflect performance after essentially six days of 

alphabetic training, four days at 1  seconds and two days at 1 second. 

At a 2 second display the performance Is asymptotic during the session. 

The more difficult, at this stage of training, one second display 

response task Is Indicated by a 60 to 807. performance level. One 

expects that this performance level will improve also in accord with 

the other long term subject's performances. 
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Figure 14 Results of seven daily sessions of lamp display match- 
to-sample training. Plotted are the sixteen response 
combinations and overall performance in percent correct. 
Display time is 2 seconds. The alphabetic characters permit 
comparison between this and subsequent graphs. 
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Figure 15 Results of four daily sessions of lamp match-to-sample 
in conjunction with alphabetic training. Plotted are 
the sixteen alphabetic responses and overall performance. 
Display time is 2 seconds. 
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Figure  16    Results  for  alphabetic   training  from seven daily sessions 
of 256  trials  each.     Plotted are  the sixteen alphabetic 
responses and  the overall perfornmnce in percent correct 
responses. 
Display  timo  here is  2  seconds. 
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Figure 17 Results of alphabetic display training analyzed for a 
trials effect across blocks within a session. The 256 
trials were collapsed into four blocks of 65 trials each. 
Plotted are the percent correct responses ppr 64 trial 
block as a function of display time (2 seconds, 1 second) 
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B10FEFDRACK STUDY 

The project is designed  to detect bioelcctrlcal analysis of 

cognitive processes and  to use  these analogs  in control and/or communi- 

cation of external  devices.    One  facet of this problem deals with  the 

training of humans  to use  these analogs effectively.    It  is,   therefore, 

necessary  to assess  training  techniques  to maximize  thu  subject's 

performance  through  training.     Most  important  is an understanding of 

what role information  feedback derived  from these analogs serves  In 

task learning. 

To address   this  issue we have run a multi-subject  study  in  two 

parts.     The  first  part provides auditory and visual biofcedbark during 

the patterned  light phase of training.    The second  part of  the  study 

is  the alphabetic   training procedure previously discussed. 

UM paradigm followed consists of  four consecutive daily  sessions 

with 256  trials of patterned  light  training and  then  four more consecu- 

tive daily sessions with 256  trials of alphabetic  training with  no 

patterned   lights,  either  S or R  Codes.     During  this  study  the display 

lights are presented  for  1.5 seconds.    Appendix E has  the instructions 

which  the  subjects read prior  to  the   first  session. 

Figure 18 shows  the results of the patterned  light training over 

the  four sessions.    These curves represent  the averaged results  from 

five subjects  in  terms of percent correct responses by pattern per 

session.     Note  that both  the octal  code of  the pattern and  the alpha- 

betic assignment of that pattern are shown.    This  is  to facilitate 
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Flgure 18 Average performance for five subjects to light display 
match-to-sample by pattern for four sessions.  Plotted 
arc the sixteen response combinations and overall perfor- 
mance in percent correct. 
Display time is 2 seconds. 
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coiiipnrl son of pnttcrncd llp,ht training and alphnbrtic training results 

discussed below. At the end of the fourth session response accuracy 

to all patterns is 80X or above.  The latency of EMC responses ranges 

300 to 700 milliseconds during session four. 

Figure 19 shows the averaged results of alphabetic training for 

four sessions.  In this case response accuracy is above 807. in all 

but the responses to the letter "P" (76Z). The latency for EMG response 

in this case ranges fron 300 to 1000 milliseconds during session four. 

It is clear that feedback enhances problem solving performance. 

However, a distinction must be made between problem solving and 

perforrwincc acquisition. The results hero are very promising in terms 

of our training paradigm.  However, before a more conclusive estimate 

of the paradigm's effectiveness can be nude, we must run several control 

groups with varying degrees of training feedback. These groups will 

be run during the second year.  It is clear that with these procedures 

subjects quickly learn to mnke the appropriate response. 

. 
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Figure 19 Average performance for five subjects to alphabetic 
training for four sessions.  Plotted are percent correct 
for overall performance and by letter. Display time 
is 2 seconds. 
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Conclusions 

The original contract objectives for the first year were met in 

nine months elapsed time. Results of this year's effort provide a 

basic framework for accomplishing the subsequent year's  tasks. 

There are two essential objectives reached during the time 

period covered by this report. First, the training procedures we have 

devised have been validated. Second, the instrumentation and soft- 

ware development to support the project is well advanced and provides 

the capability to accomplish the objectives defined for subsequent 

years. 
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Appendix A 

Below are  the  S Codes and  their corresponding alphanumerics.     The 
codes were devised with  the  following considerations  in mind.     First it 
was  thought  to be desirable  to give  the most commonly occurring alpha- 
betic  characters   the  simplest code.     Thus  the  letter  E received a  simple 
code:     the right brevis alone.    Since we have  15 codes  to issue we 
determined  the  15 most  frequent  letters and  tested  them  for  intelligi- 
bility.    The  15  letters  below comprise a  high percentage of  those  letters 
actually used  in normal  communication and can convey a  good doal of  infor- 
mation. 

The codes are  given octal representation merely as a  convenience. 

Left        Left      Right      Right 
Alphabetic       Minimi    Brevis    Brevis    Minimi       Binary 
Character 4 3    2 1 Code 

E 

A 

I 

N 

0 

R 

S 

L 

C 

U 

P 

M 

H 

D 

X X 

X X 

X X 

X X 

X X 

x x 
XXX 

X XX 

XX x 

XXX 

X X X X 

0010 

0100 

0001 

1000 

OHO 

1100 

0011 

1001 

0101 

1010 

0111 

1011 

1101 

1110 

1]]] 

Octal 
Code 

02 

04 

01 

10 

06 

14 

03 

11 

05 

12 

07 

13 

15 

16 

17 

The Xs  indicate which  of  the  lamps are  to  be   lit  for a  given alpha- 
betic  character. 
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APPENDIX B 

PROGRAM NAML: ARPA 1 

FUNCTION: This program displays tv»o alpha numeric characters. The. top 

character is the "S Code" or stimulus code, the bottom 

character is the "R Code" or response code. 

UNGUAGE:  1)IAL-IAP6  (ASSEMBLY) 

DESCRIPTION:  The S Code is accepted from a teletype entry, or, if 

sense switch 5 is depressed, from the logic levels of external 

sense lines 5, 6, 7, 10, and ll.  In the latter case, a zero 

volt level to sense line 12 indicates codification of lines 

5-11 is complete and sampling may begin. 

Simultaneously with displaying the alphanumeric symbol 

related to the S code, the program monitors external sense 

lines 0, 1, 2, 3 and 4 for a corresponding R code.  If a 

match is detected relay KO is set, indicating reinforcement. 

^P 
bfa^-—.-.. ^ ..J i^M^^B^to^^^ 
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ARPA 1 FLOWCHART 

START Y 3 
CLCAR RESPONSE TABLE 

GET THE STIMULUS CODE 

-t- 

[CALL   1 
\  DI8PIAY / 

NO 

DISPLVY 

DISPIAY THE BTXlinJUS 
AND RESPONSE CODE. 

(       RETURN  j 

mTCU TEST 

GET TUE RESPONSES 
BUILD RESPONSE AND 
STIMULUS TABLES 

 2  
[       RETURN       J 

IG 
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ÜOD« *20 
0001 KSF» 6031 
ma 2 KhB = 6036' 
O0Ü3 TSF- 6041 
GÜÜ/I TL5m 6046 
0005 002« 001 1 AASTKT* CLR 
ma 6 0021 0500 1 00 
000 7 0088 604 6 TLS 
0010 0G23 0062 SET I   2 
OJl 1 0024 0312 HITTBt-l 
0J12 0025 0063 5F.T I   3 
0^13 0026 7 767 -10 
0014 0ö;-!7 1062 ST A I   2 
0015 Ü030 0223 XSK I   3 
00 1 6 00 31 602 7 t)MFJ .-8 
CO 17 B >38 0068 SET I   2 
0020 0033 0302 DSCTOO-1 
0iJ2l 0034 0063 SET 1   3 
0008 00 35 7767 -10 
0J23 0030 10 62 STA 1   2 
. a -'I 0037 0 223 XSr< I   3 
1   OS 0040 6036 JHP .-8 
0086 0041 0 0 7 7 .v.-i I   17 
0087 0042 0308 DSCTBL-1 
0030 43 0075 SET I   15 
0031 0044 7776 v. -1 
0038 ■    49 6) 4 7 JMP BETCHH 

33 0046 ■     67 SET I   7 
;: ,■: - 147 7775 \ß •"• 
0335 00< 6 ^ 0. IP THIS 
■   I3( 0051 0287 MSK I   7 
0037 0058 6050 OMP .-2 

140 . 353 6020 JMP AASTAT 
• a n i / 
0048 >4 1000 tu 1 S • LDA 
0043 0055 0000 0 
0044 ' 0056 4071 STC THISR 
0045 0057 : 166 SET I   6 

46 ; 360 0000 0 
..  ,.,7 6 1 6850 JMP DI SI T 
0  50 ;    60 )58 SET 12 

51 1    6 3 N 
■    50 0064 00 76 SET I    16 
.. 153 0065 0318 HITTBL-1 

. 066 6078 JMP ■CHT 
■ oi   • 0226 XSK I    6 

0056 ; ■ 70 ■ JMP . -7 
.    57 or. 71 0000 THISR« '■ 

/ 
l G 1 / 

, . 50 /SAMPLE ENSELINE 
.    6 3 ■v    ' ' J cs rCHT* LDA 
■ i   i: . 0 
.    6 5 ■. ■    '. 6 SIC . 

. 11 ! CLJ 
1 11 STA 1 

.    70 077 0.    1 SUMJ 0 
71 . 1   10 

. ' '. } ' 
.    ' ( 1 1 DA 

i 
1 

/CLEAR   HITTOL 

/CLEAR   DSCTBL 
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li4 
0076 0105 11 50 ADM 10 
0077 0106 1080 LDA 1 
01UÜ 0107 0002 2 

» 

0101 01 10 0401 S>:L 1 
0102 01 1 1 1 150 ADH 10 
0103 0112 1020 LDA 1 
0104 0113 0004 4 
010S 011/1 0402 S>>L 2 
0J06 01 15 1 150 ADM 10 
0107 01)6 1020 LDA I 
01 13 01 17 0010 10 
Olli 0120 0403 SXL 3 
0112 0121 1 150 ADM 10 
0113 0122 6250 J IP DISIT /REFRESH 
01 14 0123 1020 LDA I 
01 1 5 0124 0 425 SNS ^OD 
0116 0125 2077 ADD SUM 
011 7 0126 430 3 SIC 3 
0120 0 1 2 7 1003 LDA 3 /GET  ASCII 0181 0130 1560 DGL I 
.0)22' 0131 7700 770: _> 
0123 0132 02/)! ROL 1 
0104 0 1 33 1 180 ADA I 
012 5 0134 0 323 CHRDIS 
0126 0135 1040 STA 
0107 0136 0 303 3 
01 30 01 37 1003 LDA 3 / 
0)31 0 140 1076 STA l   16 
0132 0 1 -'; 1 1023 LDA 1    3 
0133 0 1 40 1 0 7 6 STA 1   16 /NEW  HITS 
0] . '.".! 4 3 ,  ■ D1SJ I 
0135 0144 0 2 3« JCSK I    12 
0136 0 145 6075 ÜMP SUM-2 
0137 014 6 0300 MTCHR* 0 /MATCH  RET 
0140 / 
0141 0 14 7 1 GETCHR* LDA 
0140 0150 0000 0 
0143 0151 4)77 SIC CHRRET 
01/1/! 01 5;.; 04 65 s.. 1   5 
0145 0153 6200 JMP SENSIT 
0146 0154 15   .. I OB • 
0147 0155 6031 KSF 
0150 0 1 5 6 6154 JMP .-2 
015.1 0157 ... 
0152 01 60 60 3 6 Kl 
0153 0 1 61 i    60 STRIP* ST/i i 
0154 0162 D000 CHAftj 0 
0155 0163 . BCD J 
0156 01 64 ■ 7701 
0157 0 16 5 0841 ! 

11 1 ■■• 1 ) 2 i 
0161 1    .. . . 01S 
01. •     ... 

■  . 3 ( | . 1   |    | 1 .'   3 1   . 3 
0164 ■ 1    7'. 

■ I    17 
■ - 1 '     - 1    3 
016( • ; n ]    J 7 
01     . 117! 1    15 

6 ]    s 
■ GETC /NOR!       . 

71 1 •   r 0 /                           ^i i \ 

. r 1 ■■ 
: 

. ) 
■ 

■   I 

IML» 
1    12 

-i  
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0175 0203 1060 STA I 
01 76 0204 •000      MATCH,      0 
0177 020 b 00 70 SET 1    10 
0200 ■80« 0204 MATCH 
0201 0207 1020 LDA I 
0S02 0210 0001 1 
0203 021 1 04Ü5 SXL 5 
0204 0212 1 150 ADM 10 
020 5 0213 1020 LDA 1 
0206 0214 0002 2 
020 7 0215 0 40 6 SXL 6 
0210 0216 1 150 ADM 10 
0211 021 7 1080 LDA I 
0212 022« 0004 4 
0213 0221 0407 SXL 7 
0214 0282 1 1 50 ADM 10 
C215 0223 1020 LDA 1 • 

0216 0224 0010 10 • 
0217 0225 0410 SXL 10 
0220 0236 1150 ADM 10 ■ 

0221 0227 1020 LDA I 
0222 0230 0020 20 
0223 0231 0411 SX» 1 1 
0224 0232 1 I 50 ADM 10 
0225 02 33 6250 JHP DISIT 
t^se 025/.' 1080 LDA I 
022 7 0235 042 5 SNSCOO 
0230 0236 2204 A l-D MATCH 
0231 022 7 400 3 STC 3 
0232 0840 1D03 LD.A 3 
02 33 024 1 6161 JMP STRIP 
1234 0242 1020 L£ a J 

Ü23S 0243 0485 S;Si$C0u 
iv: 3 6 0244 8204 ADD MATCH 
0837 0245 400 3 STC 3 
0240 024 6 1003 LDA 3 
.-.  '•':• 0247 6161 JMP STRIP 
0242 / 
02/i3 / 
024 4  ' 0250 1000     DIS IT/      LDÄ 
0245 02 51 0 
02/16 0252 4 30 8 STC DISRET 

" 

0247 0253 0074 SKT I    14 
0250 0254 0302 DSCTBL-I 
02 51 0255 Q 0 6; SET 1    ) 
0252 0256 0377 37 7 • 
0253 0257 0063 SET I    3 

■■.'; 0260 77 74 -3 
üi;55 0261 ÜU1 1 C.'.li 
0256 0262 I 774 DSC I    1 - 

'3 7 .- 1 774 DSC I    14 /BOTH   HALVES 
' 0264 0823 .    il J    3 

0261 0265 : 1 61 .-4 
0262 0266 B 0 V 3 SET I    13 
: 263 08 03) 2 HITTBL-1- 

64 0061 SET I    1 
• 377 

•,..-. (3272 ■ S   1 1    3 
1    • ' 0273 ■ -3 

170 ( 2 -, 4 . 1 
: 271 0275 7 7. 49 

rd •276 1 '/    . J    13 /HI T 
0273 027 7 1 < •/ 3 DSC J    13 

B5 
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Ü2 7^ 
Ü4 75 
0^.76 
0277 
0300 
0301 
0302 
0303 
0304 
0305 
030 6 
030 7 
0310 
0311 
0312 
0313 
0314 
0315 
0316 
0317 
0320 
0321 
0322 
0323 
0324 
0325 
0326 
032 7 
0330 
0331 
0332 
0333 
0334 
0335 
0336 
03 3 7 
0340 
0341 
0342 
0343 
0344 
034 5 
0346 
034 7 
03 50 
03 51 
03 52 
03;>3 
B354 
0355 
035 6 
0351 
0360 
0361 
0362 
0363 
0364 
0365 

' 
0367 
0370 
0371 
.53'/:: 

0300 0223 XSK 1 3 
0301 6274 JUP .-5 
0302 0000 D1SRET* I 

/ 

0303 0000 
/ 
DSCTf3l.# 0 

0304 0000 0 
0305 0000 0 
0306 0000 0 
0307 0000 0 
0310 0000 0 
031 1 0000 0 
0312 0000 0 

/ 
HITTBL« 0 0313 0000 

0314 0000 *-• 

0315 ,0000 0 
0316 0000 0 
0317 0000 0 
0320 0000 0 
0321 eoeo 0 
0322 0000 0 
0323 4020 CHHD1S> '4020 . 
0324 8055 8055 
0 325 4477 44 7 7 
0326 7744 7744 
0 32 7 5177 517 7 
0330 2651 265. 
0331 4 136 4 J 3 6 
0332 22/il 2P41 
0333 41 77 4177 
C2 34 3 64 1 3641 
0335 4:) 7 7 457 7 
0336 414 5' 414 5 
0337 44 77 44 7 7 
0340 4044 4044 
0341 4 136 413 6 
0342 2 64 5 2 64 5 
0 34 3 107 7 1077 
0 344 7710 7710 

0345 7 74 3 7741 
0 34 6 0041 0041 
034 7 4142 4142 
0350 4072 «072 
0351 ) 077 10 77 
0352 4 324 4324 
0353 0177 0177 
0354 0 301 031 i 
0355 3 0 7 7 3077 
035 6 7 730 7730 
0351 3077 30 7 7 
1360 7 70 6 7706 

•'(1 77 417 7 
0362 7741 7741 
03< 3 - 477 ■■. 

03 1 3 
■ 7 

■ 0 376 0 37 6 
0367 . 4 7 7 44 7 7 
0 3 7 0 31 4 6 31 
• 371 5 1 8 1 51 2 ; 

0 ö 7 £ 4651 ■- 

/? 

/A 

/B 

/C 

/D 

/E 

/F 

/G 

/I 

/J 

/K 

/L 

/I 

/N 

/() 

•- 

r> 

50 

i— .^..—,...  . . _  



■  

   

0373 
03 74 
0375 
03 76 
0377 
0400 
Mtl 

G4Ü3 
0404 
04C5 
0406 
0407 
04 lü 
0411 
0412 
0413 
0414 
0415 
CM 6 
04 1 7 
0420 
0421 
IJ422 
0423 
M84 
0^25 
0426 
0427 
04 33 
04 31 
M38 
04 33 
0434 
04 35 
0'i36 
04 3 7 
0440 
0441 
0442 
0443 
0444 
0445 
0446 
044 7 
0450 
0451 
..  ! :. 
04 5:. 

04 55 
U ; 5 6 
0457 
0460 
I ■ : 

3462 

0465 
0466 

• 
0471 

0373 4040 4040 
0374 4077 40 7 7 
0375 0177 0177 
0376 7701 7701 
0377 0176 0176 
0400 7402 7402 
0401 0677 0677 
0402 7701 7701 
0403 1463 1463 
0404 6314 6314 
0405 0 770 0770 
0406 7007 7007 
040 7 4543 4543 
0410 6151 6151 
041 1 0000 0 
0412 0000 
0413 0000 
0414 0000 
0415 0030 •                                           fl 

0416 0000 0 
041 7 0000 
0420 GCOO 
0421 0000 
0422 0000 
04'J3 0000 
0424 0300 

/ 
/ 

0425 0240 SMSCOO,   240 
0426 0311 311 
042/ 0305 305 
0 130 0323 323 
0431 0 301 301 
0432 0314 314 
04 33 0317 317 
0434 0325 325 
0435 0316 316 
0436 0324 324 
0437 0303 3S3 
044 0 0320 320 
0441 0322 322 
0442 0315 315 
04'''3 0310 3'  • 
044 4 [1 ?.-,'■. 304 

TFYCOD.   0 OA/.'b ■ 

0446 ' 4 
044 7 D( E .., !■ 

0450 0018 12 
0451 
0458 1      12 2 
04 5 3 ;., ',,) i 
0454 00 »0 ;i 

04 5 5 'JO 16 16 
,. . ,   ■ 11 1 
■ ■• 0 

0 
0461 a ■.i 
0462 0015 16 
0463 10 
.     ' ■. 1 6 
0465 ■ 113 13 

66 01 .0 0 

Ii7 

/T 

/U 

/V 

/w 

/x 

/Y 

/Z 

a 

/4 
/B 
/C 
/D 
/£ 
/;- 
/G 
//. 
/; 
/j 
/.; 
/L 
/. 
/Ni 
/Q 

| 

■MM   ■MM J 
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U/l7iJ 
0/J73 
tW7/» 
0^75 
CW76 
mm 
0500 
0501 
0502 
0503 
053/t 
0505 
0506 
0507 

0510 
0511 
0512 
0513 
05 11\ 
0515 
0510 
0517 
•580 
0521 
0522 
0523 
052^4 
0525 
0526 
052 7 
0530 
053! 
B938 
0533 
O:.3/J 

0535 
0536 

0^167 0011 
0170 0003 
0171 001 1 
0172 0007 
0173 OOJ0 
0171 0000 
0175 0000 
0176 0000 
017 7 0000 

11 
3 
11 
7 
0 
0 
0 
0 
0 

/R 
/S 
/T 
/U 
/v 
/w 
/x 
/Y 
/Z 

CODE  FPiOM 
SU1TCH   5   IS UP)   OH   VIA  H 

IS   COMPLEX 

/ 
/ARPA I 
/ 
/PROGRAM ACCEPTS   STIMULUS 
/EITHER   THE   TTY   (IF   SENSE 

OCTAL  CODE 
/VIA   SENSE   LINES   5»6»7>10/   AND   11 
/(IF   SNS   5   IS   DÜWNK   A   GROUND   TO   SXL   12 
/INDICATES   THAT   SENSE   LINE  CODIFICATION 
/ 
/PROGRAM  THEN  MONITORS   THE  RESPONSE  CODE 
/VIA   SXL  0-1   FOR   COMRESPONDANC"   TO   THE   S-CODE 
/THE  ALPHA  EQUIVALENT   OF  THE  S-CODE   IS   DISPLAYED 
/ON   TOP*   THE  H-CODE   IS   DISPLAYED  ON   THE  BOTTOM. 
/1-DISIT 
/2-   UNUSED 
/3-SCRATCH 
//•-UNUSED 
/5-UNUSED 
/6-DISPLAY   TIMER 
/7-DISPLAY   TINBR 
/10   SUM  AND  MATCH   POINTER 
/Jl-UNUSfiO 
/12-   NUMBER   OF  CHARACTERS 
/13-D1SIT  R-CODE 
/I1-DISIT   S-CODB 
/15   NUMBER   UF  CHARACTERS 
/16-R-COL'E 
/17-5-CÜJ'K 

NO   EK.IORS 

A^IA 
AASTi.f 
CHAR 
CHKD1S 
CHi ■ 
DISIT 
DJ £;■•.! 
DSC Kl. 
c il 
Hlj TBL 

:F 

ITCH 

.     IS IT 
SN1 
STRIP 

. 
THIS 
THISH 

4047 
4020 
11 62 
132 3 
41 7 7 
12 50 
4308 
4303 
4147 
4 3 1 3 

6031 

4078 
4146 

■ ■ 

4200 
442S 
11 6 J 
4077 
4054 
10 71 

52 
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1
'     ■        '      ■ 

B9 
TLS 60A6 
TSr 6i341 
TTYCOU  /l^45 

53 
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APPKNDIX C 

PROGRAM NAME: ARPA 6. 

FUNCTION: Program displays two alphanumeric characters, determines 

coincidence of stimulus and response codes, determines 

latency to respo id for each muscle, and provides hard and 

soft copy read outs of performance. 

LANGUAGE:  DIAL-LAP6 (ASSEMBLY) 

DESCRIPTION: The S code is accepted from a teletype entry, or if 

sense switch five is up, from external sense lines 5, 6, 7, 

10, and 11, In the latter case, a zero volt level to sense 

line 12 indicates codification is complete and sampling may 

begin. 

Simultaneously with displaying the alphanumeric symbol 

related to the S code, the program monitors mutcle responses. 

If a muscle movement indication is detected the program scans 

external sense lines 0, 1, 2, 3, and 4 to determine which 

muscles were involved. Any movement occurring during the 

display period is classified as a component of the R code for 

the current trial. The first detected movement on each 

sense line stops its respective latency counter. 

A trial is initiated by a synchronizing command to clock 

input #1.    At this time the S code is decoded, the run length, 

or display lungth, times initialized, the latency times reset, 

the clock RtnrU'd and the S code displayed. 

54 
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C2 

START I 
DISPLAY 
COWF.NT 

QSTRT 

f       GO TO  A 
L   QSTRT J 

I 
CLUAR RKLAYS 
STOP CLOCK 

CLKAR STIMULUS CODE 
SKT Ri:SPüNSr: TO KOKE 

CIKSET 

BBT CLOCK 10K 
1 MSEC 

ENABLE TRIAL START 
CLEAR CLOCK FLAGS 
ENABLE INTERRUPTING 

ITT 

DISPLAY 
"TIME OUT" 
UNTIL TRIAL 
START COMH/VND 

ARl'A 6 FLOWCHART 

JML 

YES 

1 GET HERE BY CLOCK 
TICK OR TRIAL START 

DETERMINE WHICH 
MUSCLES MOVED 

GET INTERRUPT 
POINTER 

f       GO TO   A 

-  - 
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C3 

TYP1T I 
STC    CLOCK 

CLEAR RELAYS 
TYPE OUT RESPONSES 

AFTER DECIMAL CONVERSION 

NOTED 

UPDATE MOVE 
BUFFERS 

I 
SHOW MOVEMENT 
VIA RELAYS 

(GOTO     ^N 
THKBE-l    J 

SET 
RKinraRCEMENT 

AASTRT I 
CLE-\R RELAYS 
SET STIWLUS ^ RESPONSE 
CWAK  MOVE BUFFERS 
ENABLE MOVE INTERRUPT 
CLEAR STIMULUS AND 

RESPONSE TABLES 
SET UP LATENCY TIMERS 
SET RUN LENGTH TIMERS 
SET CLOCK RATE 

THREE-1 i 
ENABLE INTERRUPTING MODE 
CLEAR CLOCK FLAGS 
ENABLE INTERRUPTING 

DISIT 

DISPLAY STIMULUS AND 
RESPONSE UNTIL CLOCK 
TICK OR MOVEMENT 

SAVERES 

SAVE STIMULUS AND 
RESPONSE CODE 

SAVE LVJENCIES ON TAPE 

L 
GOTO  \ 
QSTKT J 

56 
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C4 

t>0O0 ♦ 20 
0001 SEGMNT   0 
ÜUU2 +20 
0001 0020 0001 ONE» 1 
0004 0021 0002 TWO* 2 
000 5 0022 0004 FOUH* 4 
030 6 0OÜ3 0010 TEW, 10 
0007 0024 0020 TWENTY, 20 
0010 ♦40 
0011 0040 0000 0 
00 IS KSK= 60 31 
0013 KHÜ- 6036 
03 M TSF= 6041 
0015 T1..S = 6046 
0016 0041 001 1 INT, CLR 
0017 0042 1000 LDA 
0320 0043 0020 ONE 
0021 0044 0400 SXL 0 
0022 0045 70:5 JMP KOOEUO 
0323 0046 1030 LDA 
002/1 0047 0021 TWO 
0025 0050 0431 SXL 1 
032 6 0051 7064 JNP MOVEDI 
032 7 0052 IL-OO LDA 
0030 0053 0022 FOUi t 
B: 31 0054 0402 SXL 2 
0032 0055 7072 JNP NOVEOfl 
0333 0056 1000 LDA 
Oe^ 0057 002 3 TEN 
0035 0060 0403 SXL 3 
033 6 0061 7100 JMP M0VED3 
f;j37 0362 1030 LDA 
0340 0063 0024 TWENTY 
M41 0064 0404 SXL 4 
0^;S 036 5 7106 JMP K0VEn4 
0043 006 6 0011 CLH 
1044 0067 0500 toe 
0345 0070 6135 CLSA 
0046 0371 04 71 APO I 
0D4 7 0072 645 7 JMP MOVED 
03 50 00 73 10 63 STA 1 
0051 0074 ;■ 000 RCLSAJ i? 
0352 /CLOCK Tl^if.ü 
0053 007 5 02 31 XSK I   il 

•-J4 007 6 6136 JMP BUFP1-1 
0355 00 7 7 6 3 36 JMP BUFFI-1 
0056 0100 6147 

ACTION^ 1 

TlfPIT 

0057 0 J 0 I 0884 XSK I    4 
Q 160 0108 6106 JMP TRY 5 
: 161 0103 4 137 STC .■■    .■ ) 

0068 0 104 00<  4 SET 4 
0063 0105 0 655 
03 64 . TRV5« . 1   5 
:   ;v3 , 6113 
;,: 0] |0 4132 SI c . 
■    07 01 i 1 0045 SEI 5 
0070 IO 1 1 2 0655 

171 0113 081 6 TRY6« )    6 
1  178 0 1 ) 4 61 • TRY7 

■'■'3 0] 4133 STC • 
74 0116 --.'46 :• •, 6 

      ,„ 

1 

/TIMER 
/PATCH TO CUT OUT TIMER 

/TYPE OUT CHAR/HIT AND RE 

57 
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0075 0117  0655 NEG 
0076 0120 0227 TRY 7* XSK I 7 
0Ü77 0121 6125 JMP TfiY10 
0100 0129 4134 SIC i3UFF4 
0101 0123 0047 SET 7 
0102 0124 0655 NEG 
0103 0125 0230 TftYlO, XSK I 10 
010^! 0126 6136 JNP BUFFI-1 
0105 0127 0050 SET 10 
0106 0130 0655 NEG 
0107 0131 4135 STC BUFFS 
0110 0132 0000 BUFF2* 0 
0111 0133 0000 BUFF3* 0 
011^ 0134 0003 BUFF4* 0 
0113 0135 0000 BUFFS> 0 
0114 0136 1020 LDA I 
0115 0137 0000 BUFFI* 0 
0116 0140 0232 XSK I 12 
0117 0141 0456 SKP 
0120 0142 6147 JMP TYPIT 
0121 0143 1000 LDA 
0122 0144 0074 POLS A 
0123 0145 6457 JMP MOVED 
0124 0146 6703 JMP TKHEE-1 
0125 / 
0126 01/17 001 1 TYPIT* CLR 
0127 0150 0500 I OB 
0130 0151 6132 CLLR 
0131 0152 0015 RTA 
0132 0153 1560 BCL I 
0133 0154 0037 0037 
0134 01 55 0014 ATR 
Bias 0156 0464 SWS I 4 
(1136 0157 6221 JMP TOONE 
0137 0160 0500 JOB 
0140 0161 604 6 TLS own 01 62 624 7 JMP CHLF 
0142 0163 1000 NXT., LDA 
0143 0164 0741 CHAR 
0U4 01 65 623 7 JMP POT 
0145 0166 1020 LDA 1 
0146 0167 0240 SPACE* 243 
014 7 01 70 6837 JMP PUT 
0150 0 171 1000 LDA 
0151 017S 0 630 BIT 
0152 0173 6237 »JMP PUT 
0153 0174 lecvo LDA 
0154 0175 0167 SPACE 
01 55 0176 623 7 JMP PUT 
14 56 0 1 7 7 1080 LDA I 
015 7 0200 0875 275 
01 60 0801 623 7 JMP PUJ" 
0161 0200 ;   • LDA 
0162 0203 0167 SPACE 
0)63 0204 6237 JMP PUT 
0164 0205 1 LDA 
0165 : 004 4 
0166 • 6256 JMP CCNVRT 
0167 0010 10 1,1. A 
0170 OP. 11 0005 5 
0'. 71 nr:};-> 6256 JMP CCNVRT 
01 72 . ■  .' 3 1000 LDA 
01 73 !14 0006 G 

* 

ni in nun iii«|i ■ 

C5 

/250 MSEC OVER 

/RUN) LENGTH TIMER 

/TEST FOR MOVEMENT 

13 

/STOP   CLOCK 

/CLEAR   TRIAL     R   RELAYS 

/« 
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0174 0215 6256 J^P COWRT 
0175 0216 1000 LDA 
0176 0217 0007 7 
0177 0220 6256 JMP CONVRT 
0200 /LDA 
0201 /10 
0202 /JMP CONVRT 
0203 0221 0602 TOONE, LIF 2 
0204 0222 6101 JiMP SAURES 
0205 / 
0206 0223 1000 BLANK, LDA 
0207 0224 0000 0 
0210 0225 4236 STC BNKRET 
0211 0226 0062 SET 1 2 
0212 022 7 7771 -6 
0213 0230 1000 LDA 
0214 0231 0167 SPACE 
0215 0232 6237 JMP PUT 
0216 0233 0222 XSK I 2 
0217 0234 6230 JMP .-4 
0220 0235 6454 JMP RETBIN-2 
0221 0236 0000 BNKRET, 0 
0222 / 
0223 / 
0224 0237 0041 PUT, SET 1 
0225 0240 0000 0 
0226 0241 0500 • 10B 
022 7 0242 6041 TSF 
0230 0243 624 1 JMP .-2 
0231 0244 0 500 IGB 
C232 0245 6046 TLS 
0233 0246 6001. JMP 1 
0234 / 
0235 0247 1020 CRLFJ LDA I 
0236 0250 0215 215 
02 3 7 025 1 6237 ÜHP PUT 
02 40 0252 1020 LDA I 
0241 0253 0212 212 
C242 0254 6237 JMP PUT 
0243 0255 6163 JMP NXT 
0244 / 
024 5 02 b 6 4 301 CONVRT« STC VAR 
024 6 025 7 1000 LDA 
024 J 0260 0000 0 
0250 0261 4 4 56 STC RETBIN 
0251 0262 1000 LDA 
0252 02 63 0301 VAR 
C;25 0264 1460 SAE J 
0254 0265 7 777 7777 
02 55 D266 04 56 SKP 
0256 02 67 6223 JMP BLANK /TY 
»857 02 70 01 7 7 SET J 17 

* I 

0260 0871 7765 -12 
02 61 02 72 76 SET I 16 
0:J62 0873 7765 -12 

.'■63 02 74 0075 SET I 15 
. 564 02 75 7765 -12 
0265 02 76 0 0 74 SET -1 14 
0266 B277 7765 -12 
167 0 300 1 ■ LDA 1 

0270 0301 0 VAH, 0  ■ 
.71 0w 0471 APO I trcj 

0272 0303 e: 52 j:-.'!1 K1024 
03 

w~—mmm*mmmmimmwim. im. i nwm 

C6 

'TYPE   BLANKS   IF  4093 
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r 
0273 0304 0241 ROL   1 
02 7/» 0305 0/J51 APO 
02 75 0306 6331 JNP   K3072 
02 76 0307 1000 LPA 
0277 0310 0 30 1 VAH 
O3ß0 0311 1560 DCL   I 
0301 0312 4000 4000 
0302 0313 4301 STC   VAR 
0303 0314 1020 LDA   I 
0304 0315 0011 11 
0305 0316 1140 ADM 
0306 0317 0017 17 
0337 0320 1020 LDA   I 
0310 0321 0004 4 
031 1 0322 1140 ADM 
0312 0323 0016 16 
0313 0324 1020 LDA   1 
0314 0325 0002 2 
031 S 0326 1 140 ADM 
03J6 0327 001/1 14 
0317 0330 6372 JMP CONV;-6 

0320 / 
0321 0331 1020      K30 72/ LDA   I 
0322 0332 0002 2 
0323 0333 1157 ADM   17 
032/; 0334 1020 LDA   I 
032 b 0335 000 7 7 
0326 0336 1140 ADM 
032 7 0337 0016 16 
0330 0340 1 020 LDA   I 
0331 0341 0003 3 
D332 0348 1 140 ADM 
0333 034 3 0014 14 
0334 0344 1000 LDA 
0335 0 345 030 1 VAR 
0336 0346 1560 BCL  i 
033 7 0 34 7 4000 4000 
0340 0350 4 2:. 1 SIC'VAR 
0341 0351 63 72 JMP  COMV-6 
0342 / 
0343 0352 0 24 3       K102/)> HOL   1 
0344 0353 0471 APO   J 
0345 035/J 6372 JHF   C0NV-6 
0346 0 355 1     ' 1 LDA   I 
03/17 0356 0004 4 
0353 0357 1 1 /• B ADM 
0351 0360 0017 J7 
i.   52 036) 1020 Lb A   I 
0353 0 362 01 02 2 
0354 ( 363 1 1 /; 0 ADM 

■ Ü36/J .    :■ i 16 
0356 0365 10 LDA   ] 
0357 0366 '   . I 1 

0367 l l/!0 ADM 
03 6 J 037 ! 0014 1/; 
.;    t 0371 6 J72 JMP   CONV-6 

' / 
■ ,    '. 1000 LDA 
5 0373 0 301 VA R 

0366 03?/; 112 ADA   1 
••• 0375 • 1 

; ■-. ■ :; 03 7 e 00 i7 C'                               1 
371 037 7 ' STC   3                      f 

mmi**mmmm 
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0372 0400 0223 CONV* XSK   I   3 
03 73 0401 0456 SKP 
C3 74 0408 6422 JMP  CNVCMP 

• 03 75 0403 0237 XSK   I    17 
0376 0404 64Ü0 JMP   COW 
03 77 0405 0077 SET   I    17 • • O4C0 0406 7 765 -12 
0401 0407 0236 XSK   I    16 
0402 0410 6400 JMP   COMV 
0/103 0411 0076 SET   I    16 
0/104 0412 7 765 -12 
0405 0413 0235 XSK   I   15 
D4C6 0414 6400 JMP   CONV 
0407 0415 0075 SET   1    15 
0410 0416 7765 -18 
041 1 0417 0234 XSK   I   14 
0412 0420 6400 JMP   CONV 
0413 0481 6400 JMP   CONV 
0414 / 
0415 0422 1030 CNVCNP« LDA 
0416 042r> 0014 14 
0417 0424 1 120 ADA   I 
0420 0485 0272 NIMUSIJ 272 
0421 0406 6837 JMP POT 
0422 048 7 1000 LDA 
0423 04 GO 0015 15 
0424 0431 1 1LA3 ADA 
0425 0432 0425 NINUS1 
0486 0433 6237 JMP   PUT 
042 7 0434 1000 LDA 
04 30 0435 0016 16 
M31 B436 1100 ADA 
04 3 y C43 7 042 5 MINUS1 
0433 0440 6237 JMP   PUT 
04 34 0441 1000 LDA 
0435 0442 0C17 17 
04 36 04/13 1100 ADA 
04 3 7 0444 042 5 MINUS1 
0440 0445 6237 JMP   PUT 
0441 0446 1000 LDA 
0442 0447 0167 SPACE 
0443 04 50 68 37 JMP  PUT 
0444 04 51 1 LDA 
044 5 04 52 0161 SPACE 
044 6 04 53 6237 JMP   PUT 
044 7 0454 0500 IGD 
0450 C455 '     . . RMF 

• 

ß451 045 6 0000 RETBIN« 0 /RETURN 
0458 / 
0453 BMF" " 

: 0454 /SHOW  MOVl •        r BY   ..L;LAV ' 1   SEI   CAPTURE 
0455 /TIMER IF   NO  iv. ■■      :.)T  ßi 2F0RE 
04 56 0457 0246 MOVED» ROL   6 /EVENT   i? 

* 0457 0460 0471 APÜ    1 
■    | 

;•   :  ■ : KP 
;    1 0462 ■-■. ':; LSRT /YES 

. ■ . .      •    . MT  3 
0471 kPO   1 

■ 1       ■• 5703 JMP   FHHEE-] 
. • ■    6 1000 LDA 

.. 0/ 67 • . ■ ■ .' UFFI 
■  / 0470 Bül F2 61 f^i 171 8133 ADD   /• 

•■'-■"  "—^f 

^ 

C8 
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C9 

M 71 
04 72 
0-1173 
0^174 
0A75 
0^76 
04 77 
0500 
Ü501 
0502 
0 503 
0504 
0505 
0506 
050 7 
05 10 
05 11 
0512 
0513 
05 IA 
0515 
0516 
0517 
0520 
Gb21 
05^:2 
0523 
0584 
0525 
CS26 
0527 
0530 
C531 
05 32 
0533 
0534 
f535 
0536 
0537 
0540 
0 5 ■'■ 1 
0548 
0543 

■ 

;;:5''l5 
054 6 
054 7 
0550 

■ 

0554 
0555 

. 

0561 

■ 

: 5 

04 72 2134 ADD ÜUFF4 
04 73 2135 ADD BUFFS 
04 74 1060 STA 1 
04 75 0000 KHTEMP* 0 
04 76 0015 ilTA 
0477 1560 BCL I 
0 500 0037 37 
0 501 1 600 BSE 
0502 0475 RRTEMP 
0 503 Oil 4 ATR 
0504 0643 LDF 3 
0505 1020 LUA I 
0506 2122 SNSCOD18000 
0507 1 100 ADA 
0510 0475 RRTEMP 
0511 4003 STC 3 
0512 1003 LDA 3 
0513 1040 STA 
0514 0630 HIT 
0515 1560 BCL I 
0516 7 700 7700 
0517 0241 HOL 1 
0523 1120 ADA I 
050] PJ.y-:: CHRDISI8000 
0520 4. 03 STC 3 
R523 1003 LDA 3 
0 524 0076 SET I 16 
0585 2007 HITTBL-l18000 
0526 1076 STA I 16 
0527 1023 LDA I 3 
0530 1076 STA 1 If, 
0531 It! 10 LUA 
05 32 0 741 CHAR 
0533 I 440 SAE 
0 53'-» 0 630 HIT 
0 535 C 703 JMP THREE-1 
05 36 0015 RTA 
0 537 1 620 BSE J 
0540 0040 0040 
0 541 0 014 ATR 
0548 6703 

/ 
J::P THREE-I 

0543 6 615 TRLSRT* 
/ 
EHHORSJ 

JMP AASTRT 

0544 1020 LDA I 
0545 0277 S77 
1 v' 6 6837 JMP PUi' 
054 7 . SET I 3 
0550 7774 -3 

. : 1 
i 5 ■■. 1 Z 

055.? 6237 JMP PUT 
0 5 54 . . 3 XSK I 3 
. :. ■- JMP . - 4 

0556 1 
/ 

HLT 

OF MAIN ; ROM 
0557 . - ) . CLR 
0 5 60 Ü014 .' 1 1 

05 61 1 CLR 
■ 62 

6132 CLLH 

/SHOW MOVEMENT 

/SET REINFORGEMEMT 

L'ANfE A    111   LF  2 

/C]      ih   RELAY« 

ci.c:"-; 
0564     Oai './o;.;  I   17 



r » 05 70 0565 0016 NOP/3777 
05 71 0566 0016 NOP/LDP'  4 
05 72 0 5 6 7 0016 NOIVSTA   I    17 
0573 0 5 70 0016 NOP/XSK   17 
05 74 0571 0016 NOP/tlHP   »-2 /CLR 
0575 0572 4 741 STC   CHAR 
05 76 0573 1020 LDA    I 
05 77 05 74 0243 H243* 243 
0600 0 5 75 4 630 STC   HIT • 
0601 0576 1020 CLKSET, LDA   I 
0602 0577 7776 TIME, 7776           /   1   MSEC   TICK 
0603 0 600 0500 I OB 
0604 0 601 6133 CLAB 
0605 0602 1020 LCA   I 

- 

0606 0603 0060 60 /ENABLE   INPUT 
0607 0 60/J 0500 103 * 
0610 0605 6134 CLEN 
0611 0606 0 500 I OB 
0612 0607 6135 CLSA /CLR   FLAG 
0613 0610 0500 I0D 
061/J 0611 6001 10.^ 
0615 0612 0 602 LIF   2 
06 1 6 0613 6057 JMP   ITI /DISPLAY   ITIC 
0617 0614 6614 JMP   . /UAIT   FOR   TRI 
0620 0615 0011 AASTiiT* CLR 
0621 0 6! 6 0015 KTA 
0622 0617 1560 DCL   1 
0623 0620 0037 0037 
0624 0621 0014 ATR 
0625 0 622 1020 LDA   I 
0626 0623 0 244 K244« 244 
068 7 0624 4 741 STC  CHAR 
0630 0 625 . LDA 
0631 0 626 0 574 K243 
0630 0627 1060 STA   I 
0633 0630 0000 HIT> 0 
063^1 0631 1020 LDA   1 
0635 0 632 0103 103 
0636 0633 4704 STC   THREE /SET   INT   FOR 
0637 0 634 4137 STC   BUPF] 
U6^0 0635 /) 1 32 STC   BÜFF2 
06^1 0 636 4133 STC   BUPF3 . 
0640 0637 /' 1 34 STC   BÜFP4 
064 3 0 64:-) 4 I 35 STC   BUFFS 
06 A.'' 06/11 0643 LDF   3 
064 5 0 642 0062 SET   1   2 
06 4 6 0 64 3 7 77 6 DSCTBL-112000 
064 7 0 644 0063 SET   I   3 
0( . 0645 \'. y. -10 

0646 0064 SEI    I   4 
0652 0 64 7 HITTBL-lli 
0653 0650 •  • ■•: STA   I   2 

1 1 1064 STA   J   4 
■ ■ S3 XSK   I   3 

, 0653 6651 ..  P   .-2 /CLEAR   DSCTEL 
' ■ C;)75 SEI    I   15 
. 0 655 7 776 . i   • -1 
: ' '• 1 • 0077 117 
:    . .   557 DSCTBL-1 !. 
0663 

• 
• C ' ) '/ 

/ 
JMi    GETCHR /CHA }l 1    CHAR 

'   164 SET   1   4 
■ . 7'/ 7 7 7 77 7 63 

Uli 

STORAGE 

START 

EVENT   3 



r I."   I    I 1 H'1 "I   "I " i wmm^-ri "in ■■! 

Cll 
0667 0663 0965 SET   I   5 
0670 0664 Till 77 77 
06 71 0665 0066 SET   I   6 
0672 0666 7 777 7777 
0673 0667 0067 SET   I   7 
06 7/< 0670 1111 7777 
0675 0671 00 70 SET   J    10 
06 76 0672 7777 7 777 
0677 0673 00 71 SET   I   11 
0700 06 74 0000 0 
0701 0675 0072 SE'I    I    12 
0702 06 76 602 7 SAMTIM*    -1753 
0703 0677 1020 LDA   1 
070^4 0 700 4100 4100 
0705 0701 0500 I OB 
070 6 0702 6132 CLLR 
IJ70 7 CLAf.= 6l33 
0710 CLLR=6132 
0711 CLEN«6134 
0712 CLSA=6135 
0713 CLSK=6131 
0714 IOIJ=6001 
0715 IOM6008 
0716 0703 1020 LDA   I 
0717 0 704 0103 THREE«      103 
0780 0 705 0500 iOb 
0721 070^. 6134 CLEM 
0722 0707 0500 JOB 
072 3 0 710 6135 CLSA 
0 724 0711 1020 LDA   I 
0725 0712 : ■•     ; 240 
072 0 0713 00 14 ESF 
0 727 0 714 0500 I0t< 
0730 0 715 6001 ION 
0731 0716 7020 JMP   DI5IT 
073S / 
0733 0 71 7 1000 GETCHR*   LDA 
0734 0 720 0 
0735 0 721 4 756 SIC   Civ 
0736 0 722 0072 SET   I    18 
0737 0 723 7 776 DSCTBL-I 12000 
07/10 0 724 0070 SET   J   10 
vcn 0 725 7767 -10 
0743 0726 1072 STA   I   18 
074 3 0727 023C xs;: J  10 
0744 0730 6726 JMP .-2 
0745 0731 0445 SNS  5 
074 6 0738 6757 J    ■   SENSIT 
07 ': 7 0 733 0500 10« 
0750 . W: 61 KSF 
0751 0735 67; i JM J   .-4 
0752 1 ; 
0753 0737 60 36 KR 
0754 .   j 1 STRIP»      STA   1 
('-7 55 0741 ' CHAR*        0 
: 7 5 G 1 1 '. : !L   I 

■ 0 743 •; 
0763 ( 0    41 ROL   1 

•   • 0 7''.5 1123 I 
6762 0 v H 6 . C ' tDISIf 
071 0 74 7 4t ^ 3 3 TO   3 
0764 ■' ■ 1   ■ LDA   3 
07 < ll   .  ' :"> i   I   17 

/I KG AND PRESET 

/MOVEMENT OH CLOCK 

/ENABLE INPUT 3 

/CLEAR irJTEHUPT 

/LOCK OUT TTY 

64 



r wwm 

07 6 6 0 752 1023 LDA 
C12 

I   3 
0767 0753 1077 STA 1   17 
07 7Ü 0754 0235 XSK I   15 
07 71 0755 6722 JMP GETCHH+3           /HOIK  WORDS 
07 72 0756 0000     CHRRCT«   0 /GO   BACK 
0773 0757 0011      SENSITJ   CLR 
07 74 0760 0016 NOP /SXL   I   12 

0775 0761 0816 NOP /.JüP   .-1 
0776 0762 1060 STA I 
0777 0763 0000     MATCH.      0 
1000 0764 0070 SET I   10 
1001 0 765 0763 MATCH 
10i»2 0766 1020 LDA I 
1003 0767 0001 1 
1004 0770 0 405 SXL 5 
1005 0 7 71 1150 ADM 10 
1006 0772 1020 LDA I 
1007 0 7 73 0002 2 
1010 0774 0406 SXL 6 
1011 0775 1 150 ADM 10 
1012 0776 1020 LDA I 
1013 0777 0004 4 
1014 1 000 OA0 7 SXL 7 
1015 1001 1150 ADM 10 
1016 1 .32 1020 LDA J 
1017 1.03 0010 10 
1020 1004 0410 SXL 10 
1021 1005 1150 ADM 10 
1022 1006 1020 LDA 1 
1023 1007 0020 20 
1024 1 01 0 0411 SXL 1 J 
1025 I Oil 1 1 50 ADM 1Ü 
102 6 1012 1020 LDA 1 
1027 10 13 2122 SNSCOD!200fl 
1030 1014 2 763 ADD MATCH 
1031 1015 4003 STC 3 
1032 1016 1003 LDA 3 
1033 1017 6740 JMP STRIP 
1034 / 
103 5 1 020 1000     OISiT>      LDA 
1036 1021 •O 0 • 

103 7 10S8 5054 STC DISRET 
104 0 1023 0643 LDF 3 
1041 1084 

•'. ■  ■ ; SET 1   Wi 
1042 1025 7776 DSCTBL-112000 
1003 1026 0061 SET I   1 
1044 i    17 0 377 377 
1045 01 6 3 SET I   3 
10 I 6 1031 7776 -1 
104 7 1032 00] 1 CLR 
ICbG ' 1774 DSC I   14 
'. 1034 1774 DSC I   1/;                   /BOTH  HALVES 
1052 1035 0223 XSK I   3 
i: '■:< 11 7032 JMP .-4 
1054 I 037 0073 SET i    13' 
1055 ; Hiniit.-l 121 
10 ,6 1041 ; 

1   r I    1 
• 377 
;    ■ : 11  ' 3 3 SET I   3 
1   ' 1 '    • •. -J 
1 1045 1 . i             65 
1     .3 1 ' -40 

1047     17 73 C   \   13 /HIT 



mm^mm ■'" 

iL^Cü 1050 1 773 DSC I    13 
106C 1051 02^3 X.'iK I   3 
1Ö67 1052 7045 JMP • -5 
1070 1053 7023 JHP DISIT+3 
1Ü71 1054 0000 DI 6HBT« 0 
1072 / 
1073 1055 4137 MOVcIDO, STC BUFFI 
1074 105 6 0204 XSK 4 
10 75 1Ü5 7 6000 JMP 0 /MOVED  ALREADY 
1J76 1060 0044 SET 4 
1077 1061 0011 11 /MOVE  REACT TON 
1100 10C2 6000 JL-3P 0 
U01 / 
1102 1 063 7 727 Tl i£H* -50 
1103 1064 4132 MOVED1# STC BUFF2 
110/i 1065 020 5 XSK 5 
1105 1066 6000 JiiP 0 
1106 106 7 004 5 SET 5 
1107 10 70 0011 1 1 
1110 1071 6000 JMP 0 
Uli / 
11 12 1072 4133 MO* JZDZ, STC BUFF 3 
1113 1073 020 6 XSK 6 
11 l/l 1074 6000 JXP 0 
1115 10 75 004 6 SET 6 
11 16 1076 0011 11 
1117 1077 6000 JMP 0 
1120 / 
1121 1100 413./! M0VED3* STC BUFF4 
1122 1101 020 7 XSK 7 
1123 I 1 02 6000 JMP 0 
112/1 i)' :■ 0047 SET 7 
1125 1 104 001 I 11 
1126 1105 6000 JMP 0 
1127 / 
1130 1 1136 4135 M0VED4« STC BUFF 5 
1131 1 107 0210 XSK 1 » 
1132 1110 6000 JMP 0 
1133 Uli 0050 SET 10 
113/» 1112 0011 11 
1135 11 13 6000 JMP 0 
1136 / • 

1137 SEQMNT  2 
1140 »rPO 
1141 0020 0077 SET 1   17 
1142 y02i 7 677 -i0e 
1143 0022 7000 JMP QAINIT 
1144 aO'dLi 1 CO T 
1145 0Ö24 0033 ANSWER 
1146 0025 0237 XSK 1    17 
i; ■■■ 7 0026 ■ JMP . • '' 
use .   127 0 0 67 SET I   7 
1151 ■ 3777 3777 
i:^:1 0831 0 630 LIF 0 
1153 :;: ; 2 6557 •      ' QSTRT 
'154 3; : ■ ANS .'■•;;<, 0 

• 
■ 

■ 

1156 .. 
11: 7 1 0 
1169 0037 ■ ■ 0 
1161 ' 1 0 
■ 1        : ■ 0 66 U63 .  .      ' .    . 0 

C13 



r C14 
1164 
116A 
1164 
116/J 
116/i 
11 64 
1165 
1165 
1165 
1165 
1165 
1165 
1165 
1165 
1166 
1167 
1170 
1171 
1172 
1173 
im 
1175 
1175 
1176 
1176 
1177 
117 7 
1800 
1800 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
12^0 
1200 
1201 
1202 
1203 
120^ 
1205 
1206 
1207 
1210 
1211 
1812 
1213 
i e i n 
12 1 5 
1216 
12 17 
1220 
1221 
1222 
I 3 
i 
1225 
I 
12!   ' 
i. 

1231 

00^13 0610 
0044 0 522 
0045 0540 
00/(6 2705 
0047 400 7 

COMIT« TEXT ZFilEU 
0050 1743 
0051 0640 
0052 4040 
0053 4040 
00 54 0107 
0055 0111 
0056 1634 

F     t MftlNNZ 
005 7 7000 111* JMF QAIN1T 
0060 0064 ITIC 
0061 0033 ANSWER 
0062 7053 »IMP QAfJFSH 
0063 7053 JMP QAHFiiH 

ITIC* TEXT Z 
F 

0064 4 306 
F 

0065 4306 
)■ 

0066 4 306 
F 

00 6 7 4 336 
00 70 430 6 
0071 4040 
0C72 4040 
OT', 7 3 4 040 
L 0 7 4 2411 
OOVb 1505 
0076 4017 
00 77 2524 
0100 3400 

F Tito-: OUTNZ 
/ 

0101 0 640 SAVRES ,   LDF   0 
0102 1000 LDA 
0103 2741 CHAR18000 
OlvJ/l 1060 STA 1 
0105 13000 CSAV* 0 
0106 1000 LDA 
0107 263(9 HIT12000 
a 11 a 10 60 STA J 
CM 1 HSAV/ O 
0112 1000 LDA 
'." 1 1 3 ' 2004 
0 1 1 .'l 1060 STA i 
0115 ;  0 ■ FIN1* 0 
.':' 1 1 6 1 LDA 
01 i 7 ;  ... . 
0120 STA I 
0] 21 ■ FIN2« 0 

■ 10C i LDA 
0123 i ■ . ' 
0 ! 9/1 1060 STA 1 
1 125 1 FIN3* 0 
0126 1 L 

■   • 07 
0 1 30 STA : 67 

       J 



r— •'—     "      '       '■"■■ 

123ß 0131 0000     PIN4«       0 
1233 0132 064'4 LOP 4 
1234 0 133 1000 LDA 
1235 0134 0105 CSAV 
1236 0135 1067 STA I   7 
1237 0136 0207 XSK 7 
1240 0137 0456 SKP 
1241 0140 6224 JMP E:\JD 
1242 0141 1000 LDA 
1243 0142 0111 HSAV 
1244 0143 1067 STA I    7 
1245 0144 0207 XSK 7 
1246 .3145 0456 SKP 
1247 0146 6224 JMP END 
1250 0147 1000 LDA 
1251 0150 0115 FINJ 
1252 0151 1067 STA J    7 
1253 0152 0207 XSK 7 
1254 0153 0456 SKP 
1255 0154 6224 JMP END 
1256 0155 1000 LDA 
1257 0156 0121 FIN2 
1260 0157 106'' STA I    7 
1261 01 60 0207 XSK 7 
1262 0161 0456 SKP 
1263 0162 6224 j;>?? END 
1264 0163 1000 LDA 
1265 31 64 0125 FIN3 
1266 0165 1067 STA I   7 
1267 0166 020 7 XSK 7 
1270 0167 0456 SKP 
1271 0170 6224 JMP END 
12 72 0171 1000 LDA 
1273 01 72 0131 FIN/ i 
12 74 0173 1067 STA I    7 
12r'5 01 74 0207 XSK 7 
12 76 01 75 0456 SKP 
1277     • bl 76 6224 JMP END 
1300 0177 04 61 SNS I    1 
1301 0200 6224 JMP END 
1502 0201 0603 LIP 0 
1303 0202 6557 JMP QSTH 
1304 / 
1 • »S 02i)3 005 7     CHLF1*      SET J 7 

06 0204 1 .    1 0 
^Ü7 020 5 1020 LDA I 

1310 020 6 0215 215 
131 1 0207 6214 JMP PUT1 
1312 0210 1020 LDA I 
1313 0211 0212 212 
1314 02 1 2 6214 JMP PUTl 
1315 0213 6017 JMP 17 
1316 / 
1317 0214 0056     PUT1*         SET 16 
1    »0 0215 0000 0 
1381 0216 1 I OB 
1322 021 7 604 TSF 

1 ocaw 6216 i. 

132^ 1 221 I OB 
1325 ;,■■:   i 604« TLS 
KU;6 0223 ( aii JMP 16 
; / 
1330 z 

CL5 

68 
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1331 0224 0 644 END«           LDF 4 
133^ 0225 620 3 JHP CftLPl 
1333 0226 0061 SET 1   1 
1334 028 7 3777 377,i » 

1335 0230 0016 SET IT*      NOP 
1336 0231 0063 SET I   3 
1337 0232 7737 -40 
1340 0233 6203 JMP CRLF1 
1341 0234 6203 HUT IT»      JMP CRLF1 
1342 0235 1021 LUA I   1 
1343 0236 6214 cW PUT1 
1344 0237 1020 I.DA I 
134 5 0240 0240 240 
1346 0241 6214 JMP Püfl 
1347 0242 1021 LDA I    I 
1350 0243 6214 J'AP POTl 
1351 0244 1080 LDA I 
1352 0245 0240 240 
1353 024 6 6214 JMP PUT1 
1354 024 7 1020 LDA I 
1355 02 50 0240 240 
1356 0251 6214 JMP PUT1 
1357 02 52 00 62 SET I   2 
1360 0253 7773 -4 
1361 0854 1081 LDA I    1 
1362 0255 0600 Lir 0 
1363 0256 62 56 ÜMP CONVAT 
13 64 025 7 0222 XSK I   2 
1365 0260 6254 JMP .-4 
13 66 0261 0462 SNS I   2 
1367 02 62 0000 HLT 
137 - 0263 022 3 XSK I   3 
13 71 0264 6234 JMP PUT I T 
1?72 02 65 0201 XSK 1 
1373 0266 6230 JMP SET IT 
J374 0867 0000 Hl.T 
1375 NOLIST 
2354 SECMNT   3 
2355 *0 
2356 / 
£357 0C00 0000 DSCTBL/   0 
2360 0001 0000 0 
23 61 0B02 0000 e 
2362 1      3 00 0 
2363 0004 ■'.,,    . 0 
2364 0005 0000 0 
2365 0006 01 00 i. 
236 6 0007 ' 0 
23 67 / 
2370 001 0 0000 HITTDL,   0 
2371 01  1 1 1 0 
2372 0012 1 0 
2373 00» 3 . 0 
6374 0014 001 ... B 
2375 001 5 ' > 
2376 ;-. :. ■ • • 
2377 0000 0 
. ■• CHRDIS*   •■ ■ 

2401 ,     11 2 , 
.     ■ 4477 447 i 

.     !3 7744 7744 
■■ 0!    ■ 5177 t:. J V 7 

S405 0025 2651 2 05) 

•v-m-m- 

C16 

6» 

? 

/A 



mmm ■• ■ ■■ 1,1 ■" '^l»^PPWf»^w™ 

C17 

2/107 
2/il0 
2/111 
2/J12 
241 3 
24 1 4 
841 b 
S.'i 1 Ö 
2417 
2420 
2421 
2422 
2423 
2424 
2425 
2426 
2427 
24 3 k) 
2431 
2432 
2433 
2434 
2435 
243 6 
243 7 
2440 
2441 
244 2 
2443 
2444 
244 b 
244 6 
244 7 
24 50 
24 51 
2452 
24 53 
24 541 
8455 
2/! 5 6 
24 57 
84 60 
2/i6) 
24 62 
2A 63 
24 C)4 
^465 
8466 
24 67 
24 70 
24 71 
24 72 
84 73 

2 Ü 7' 
24 7 7 
: 5 I 

■ 

: ■  3 

- 

0026 
0027 
0033 
0031 
0032 
0033 
0034 
0035 
0036 

0040 
0041 

0042 
0043 
0044 
0045 
0046 
0047 
00 50 
0051 
0052 
0053 
0054 
0055 
CO 56 
0057 
0060 
0061 
00C2 
0063 
0G64 
00 65 
00 66 
0067 
0078 
0071 
00 72 
0073 
00 74 
0075 
0076 
007 7 
0100 
0101 
0102 
0103 
0 104 
0105 
01 06 
0107 
01 10 
01 1 1 
0 1 3 8 
0 i 1 3 
01 14 
i: J 1 5 
0 i 1 (■ 
0 1 ) 7 
0120 
01 81 

41:6 
22^ 1 
41-7 
364 1 
457 >' 
4145 
447"; 
4044 
4136 
2645 
1077 
7710 

7741 
0041 
4 142 
4072 
1077 
4324 
0177 
0301 
3077 
77:50 
307 7 
7706 
4177 
7 741 
44 77 
3044 
4276 
0376 
4477 
3146 
5121 
4 551 
4040 
407 7 
0177 
7 701 
0176 
7402 
0 677 
7701 
1463 
6314 
0 770 
7007 
4 543 
6151 

0 
0 300 
•:■: 00 

■ 

■.. ,: 

301 
E D ■ 

I 

/H 

4136 
2241 
4177 
3641 
4577 
4145 
44 77 
4044 
4136 
2645 
1077 
7710 

7741 
0041 
4142 
4072 
10 77 
4324 
0177 
0301 
307 7 
7730 
3077 
7706 
417 7 
7741 
44 77 
3044 
4276 
0: fC 
4477 
3 i 4 6 
5121 
4 651 
4040 
40 7 7 
0177 
7701 
0176 
7402 
0677 
7701 
1463 
6314 
0 7 70 
7.'- '7 
454 3 
6151 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

/c 

/D 

/E 

/F 

/G 

/I 

/Ü 

/K 

/L 

/M 

/N 

/0 

/P 

/Q 

/U 

/S 

/T 

/Ü 

/V 

/u 

/x 

/Y 

/Z 

70 
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2505 
2506 
2507 
2510 
2511 
2512 
2513 
25 KJ 
2515 
2516 
2517 
2520 
2521 
2522 
2523 
252^1 
2525 
2526 
2527 
2530 
k'531 
2532 
2533 
253/» 
2535 
2536 
2537 
2540 
2541 
2542 
2543 
2t.i44 

2546 
2547 
25 
25 
8552 
2553 
2554 
2555 
2556 
255 7 
25 60 
2561 
2562 
2563 
25 64 
: 565 

■"   ■ ——■— 
1,1       ii      "■'«KW 

Ciö 

5ü 
51 

25 66 
:■ i 7 

8570 

25 71 
I     . 

0122 
0123 
0124 
0125 
0126 
0127 
0130 
0131 
0132 
0133 
0134 
0135 
0136 
0137 
0143 
0141 

0142 
«143 
0 1 44 
0145 
0146 
0147 
0 1 50 
0151 
0152 
0153 
0154 
0155 
0156 
0157 
0160 
0161 
0162 
0163 
01 64 
0165 
0166 
0167 
01 70 
0171 
0172 
öl 73 
0 1 74 

0240 
031 1 
0 305 
0323 
0301 
0314 
0317 
0325 
0 316 
0324 
0303 
032i3 
0322 
0315 
0310 
0 304 

0000 
0004 
0000 
0012 
0017 
0008 
0000 
0000 
0016 
0001 
0000 

v0000 
000 5 
0015 
0010 
00U6 
0013 
0000 
0014 
0003 
ODU 
0007 
0000 
0000 
00(50 
cooo 
0 .... 

TTYC0D> 

SNSCOO« 240 
311 
305 
323 
301 
314 
317 
325 
316 
324 
333 
320 
322 
315 
310 
334 

0 
4 
0 
12 
17 
2 
0 
ß 
16 
1 
f 
0 
5 
15 
10 
6 
13 
0 
14 
3 
n 
7 
0 
c 
0 
0 
0 

/ 
/ 
/ 
/PROGRAM ACG 
/EITHER THE 
OCTAL CODS 

/A 
/B 
/C 
/D 
/E 
/F 
/G 
/H 
/I 
/J 
/K 
/L 
m 
/H 
/o 
/p 
/Q 
/R 
/S 
/T 
/U 
/V 
/u 
/x 
/Y 

/VIA SENSE 
/(IF SNS 5 
/INDICATES 
G0.v1 , . 

/ 
/DISPLAY   I! 
/12   IS  GROU? 

•     . 
/VIA   SXL  B-4 
/THE  . ' PHA   E 
/ON  TOP*    :.   ■ 
/1-DISIT 
/8-   ÜNÜSED 

EPTS   STIMULUS  CODE   FROM 
TTY   (IF   SENSE   SWITCH   5   IS  UP)   OR   VIA   ;•; 

:S   5«6«7>10J   AND   J 1 
S   DO'.'N) .   t    GROUND   TO   SX1    12 
HAT   SENSE   LINK     CSCODE)   CODIFICATION   S 

1AINTAINED  AS   LONG  AS   SENSE  LINE 

ITC    .     .   , •■;.,::  CGI 
FOJ r ;■  ' ■ CGI E 

'■'■•■        ■ OF   TH     ;• ,   IS  DISPl     fE\ 
R- I      DISPLAYED iTl 
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~—   

tAaiM 

26Ö2 
260 3 
26Ü/J 
2605 
2606 
260 7 
2610 
2611 
2612 
2613 
261 /i 
2615 
2616 
2617 
262Ö 
2621 
2622 
2623 
2624 
2625 
2626 
262 7 
2650 
2631 
2632 
2633 
2634 
2635 
2636 
2637 
2640 
264] 
2642 
2643 
2644 
264 5 
2646 
2647 
2650 
2651 
2652 
2653 
26Ü/I 
2655 

2656 
2657 
2600 
2661 
■ t    ■ 

266:, 
2666 
2  ' 

8671 

26 73 
267 A 
2675 
26 76 
2677 

  

C19 
/3-SCRATCK 
/4-UNUSED 
/5-UNUSED 
/6-UNUSED 
/7-UNUSED 
/1Ü SUM AND iMATCH POINTER 
/11-MSEC TIMER 
/12-  NUMBER  OF  CHARACTERS 
/13-DISH   K-CODE 
/14-DJSIT   S-COÜE 
/15   NUMBER   OF   CHARACTERS 
/16-R-CODE 
/I7-S-C0DE 
/TESTS  FOR   ANY   H  CODE*   SETS   TIMER 
/SETS  RELAYS 
/SHOWS  REINFORCEMENT 
/ 
/ 
/WIRING CONFIGURATION 
/ 
/ 
/        IN CPU ROOM 
/ 
/RESPONSES COM.' TO CPU ROOM VIA COAX A-F 
/THESE ARE CONNECTED VIA PATCH CORD TO 
/COMPARATORS 5-10 
/ 
/REFERENCE IS ADJUSTED TO GIUE PULSE OUT 
/OF COMPARATORS WHEN THE SELECTED LEVEL IS 
/EXCEEDED. 
/ 
/COMPARATOR 5 
/ 6 
/ 7 
/ Ifl 
/OUTPUT OF THESE 
/SET SOURCE TO - 
/ 

LINE 

POS 
POS 
POS 
POS 

OUT 
OUT 
OüT 
OUT 

IS 
IS 
IS 
IS 

CONNECTED 
CONNECTED 
CONNECTED 
CONNECTED 

GATES IS PATCHED 
AND THRESHOLD TO 

TO DIODE 
TO DIODE 
TO DIODE 
TO DIODE 

TO   INPUT   ; 
JUST   + 

GATE A 
GATE B 
GATE C 
GATE   D 

TO HUMAN 7 
8 
9 

10 

/SENSE  LINE  5 
/ 6 
/ 7 
/ 10 
/ 
/HUMAN  5   TO   COMPARATOR   2- 
1 
/+   SOURCE,   «THRESHOLD 
/VERIFY 
/ 

CONNECTED TO PATCH 
CONNECTED TO PATCH 
CONNECTED TO PATCH 
c •  PED ro PATCH 
CO , : : .' ) ATCH 
CONfCECTEl ,  PATCH 

POS OUT OK 2 TO INPUT 

IS 
1 s 
IS 
1 ■ 

1.. 

IS 

/KG 
/Kl 
/K2 
/K3 
/K4 
/K5 
/ 
// 
/ 
/ 
/VERIFY CON ■ CTIC 
/GREEN 10 1 ;;/ 
/BROWN 10 5 HI 
'  I TO 6 HI 
/ORANGE ju 7 Hi 

1 AT 
2 AT 
5 
6 
7 
8 

BOTTOM 
DOTVOM 

OF 
OF 

CPU 
51 • 

IN Hir. 

TO CPU INTERFACE 



2700 
2701 
2702 
2703 
2 70/j 
2705 
2706 
2707 
2710 
2711 
2712 
2713 
271/1 
2715 
2716 
2717 
2720 
2721 
2722 
2723 

272^ 
272 5 
2726 

272 7 

2730 

2731 
273'-i 
2733 

MO ERRORS 

C20 
/YELLOW   TO   8  HI 
/ 
/WHITE   TO   8   LOW 
/THE   LOWS   OF   I,   2,   b,   6*   7>   AND  8   ARE 
/TIED   TOGETHEH 
/ 
/SOUNDPROOF   ROOM  CONNECTIONS 
/OSCILLATOR   PATCH   COi-:D  TO   HEAD   SKT   IN  ROOK 

/OPERATING   INSTRUCTIONS 
/ 
/TURN POVni STRIP TO ON 
/    THIS APPLIES POVER TO ALL POWER SUPPLIES 
/ THE POLYGRAPH 
/ THE TAPE TIMER 
/ THE TAPE MARKER 
/ 

/YOU MUST TURN ON THE TAPE MARKER WHEN READY TO RU 

/S CODE, R CODE, AND AUDITORY P. CODE PRESENTATIONS 
ARE CONTROLLED 
/AS FOLLOWS 
/ 

/  TO DISABLE AUDITORY FEEDBACK, UNPLUG OSC CONT ■ 
PLUG 

/  TO DISABLE S CODE PRESENTATION, PLACE S CODE S5? 
TCHES UP 
/  TO DKABLE R CODE PRESENTATION, PLACE R CODE SW 
TCHES Lt' 
/ 

/SMS 1 DOWN FORCES.PRINTOUT OF ALL. PREVIOUS TRIALS 
/THIS SPACE IS RESERVED FOR DANISH COMMENTS 

AASTRT 0615 
ANSWER 4033 
BLANK 0883 
BNKRET 05? 3 6 
BUFPl U137 
BUFP8 01 32 
BUPP3 0133 
BUFF4 01 34 
HUFFS 0135 
CHAR 0741 
CHRDXS 6080 
CHRRET 075« 
CLAb ^133 
CLEM 5134 
CUCSET 0576 
CLLR (A3?. 
CLSA 61;^ 
( LSK 6131 
CNVCMP 0488 
COMNT '    ■ 3 
COMV 

CJ I. 0247 
C     1 : 3 
C .•iii :< 

- . 

; TB]   ( 73 



r utmm^^'^m'^^^mmmmmcmmmmmm^miimm^^m 

EMU 48S4 
ERHOHS 05/i/l 
rim 4115 
FIN2 4121 
FIN 3 4125 
FIN/l 4131 
FOUR 0022 
CETCilR 0717 
8BTKBO 5521 
HIT 0630 
KtTTBL 60 JU 
H£AV 4111 
IIVT 0041 
ior 6602 
ION bv.01 
IT1 40 5 7 
ITIC 406^1 
Kiiß 6036 
:<SF 6e J i 
K1024 03^i 
Ka/13 05 74 
K244 0623 
K3U 72 0331 
MATCH 0763 
MI MUSI 0425 
MOVED 045 7 
MOVEl'u 1055 
MOVED1 1064 
NOVEDfl 1072 
MOVED3 11 GO 
M0VED4 1106 
MEG 0655 
MXT 0163 
ONB 0020 
PUT 02 3 7 
PUT IT 4234 
PUT 1 4214 
(MB 5004 
aACA 5015 
QACHAR 5655 
QAGKLF 5621 
QACNTR 5 604 
QAD 502 6 
QAE 505'.; 
a^EXlT 5635 
OAF 5516 
BAG 5069 
QAH 5114 
OAI 5131 
QAXNIT 500.: 
r"^j 5 2 36 
OAK 531 5 
QAKRfi ■   36 
QAL 51 75 
f    .EGL e.i;75 
GAM 5101 

. 51 83 
QAO 5231 

' 5248 
£AU 52 63 

5G53 
ÜAT 70 

... fJAll.S r,{}46 

^^■fl^^l 
^1 

C21 

74 

-- 



r wi^i*~^~~mmm  — 

ÜATPE 56^1 
QATSF 60-'U 
OATY 5536 
ÜAU 5506 
GAV 5316 
MV 5512 
QAX 5424 
GAY 5412 
DAX 5301 
QSTRT 0557 
HCLSA 0074 
REIBIN 045 6 
RMF 6244 
RRTEi-;P 04 75 
SAMT1M 0676 
SAVHES 4101 
SCNSIT 0757 
SET IT 4230 
SNSCOO 6122 
SPACE 0167 
STRIP 0740 
TDONB 0221 
TEi>3 0023 
THREE 0704 
TIKE 05 7 7 
TIMER 10 63 
TLS 604 6 
TRLSRT 0543 
THY 10 0125 
THY 5 0106 
TRY 6 01 13 
TaY 7 01 20 
TSF 6041 
TTYCOÜ 6142 
TVENTY 0324 
TVO 008] 
TYP IT 0147 
VAR 0301 

m^immmmmm*mmmm*m*mmmp**mm~~-' 

C22 

?5 
^M> __ 
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APPENDIX D 

DATA ANALYSIS SOFTWARE 

The programs described in this appendix deal with 

the analysis of data acquired by program ARPA6 (Appendix C). 

These programs operate sequentially in ■ chained manner. 

The sequence is initiated by starting ARPAXFR, the other 

programs are then automatically called in sequence. 

7G 
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PROGR<\M NAME:     ARPAXFR 

FUNCTION:     Transfer S code, R code, and  latency data  from tape and 

store on disk in a packed  format. 

LANGUAGE:     FOCAL-12 

DESCRIPTION:    Data acquired by ARPA6 are saved or.  sequential LING  tape 

blocks.     This program retrieves data  from LING  tape and 

stores  them in consecutive  locations on  the disc   facility. 

PROGRAM CALLED:     PERCENT 

77 
—  
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D3 

FLOWCHART FOR ARPAXFR 

START _[ 
ENABLE DISK 

AND TAPE FILES 

I 
PACK DATA 
FROM TAPE 
TO DISK 

± 
GO TO 
PERCENT 

  

78 
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C  FOCAL-12 

01*05   T Z/1.0 
01 .06  L 0*F2*l>iQQl>ltl 
01 .10   L O>F1>I><I'001>1 
01.20   F l=0,256iD 2 
01.30   0 5 
01.90   L G#$PERCENT>13 

02.10 
02.11 
02.12 
02.20 

F   J=0..5;S  A{J)=Fl<I*256+J) 
I   (A(l)-163)2.12*2.12*2.2 
S  Ad ) = 160 
F   J=0*5;S   F2(I*6+J)=A(J) 

• 

x 

7i* 
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PROGRAM NAME:  PERCENT 

FUNCTION:  Dcteirminc the percent of responses which were correct for 

each of 16 characters. 

LANGUAGE:  FOCAL-12 

DESCRIPTION:  S code data records packed on the disc are examined for 

correspondance to each of 16 characters sequentially. If 

the S code matches the current character, the current counter 

is incremented, and the R code is then tested for correspon- 

dence.  If the R code matches the S code then the current 

correct counter is incremented. At the conclusion of testing 

all trials for S code correspondence the percent of correct 

responses are printed out. 

PROGRAM CALLED:  SPLIT 

80 
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FLOWCHART FOR PERCENT 

START I 
CLEAR TOTAL COUNTS 
ENABLE DISK FILE 
TYPE HEADING 

[ FOR BUNK CHARACTER 
CALL THREE J 

FOR ALL ALPHAS 
CALL THREE 

IAS  \ 

i. 
PRINT OVERALL PERCENT 
CORRECT NUMBER CORRECT 

TOTAL TRIALS 

I 
GO TO 
SPLITS 

THREE CLEAR CURRENT COUNTS 

Q 
i 

FOR ALL TRIALS 
TO 256, CALL TWO 

ADVANCE 
TOTAL COUNTS 

I 
CALL CHARACTER 
DECODER  (TEN) 

I 
PRINT FOR THIS CHARACTER 
PERCENT CORRECT, TOTAL 
CORRECT, TOTAL TRIALS 

f   RETURN J 

RETURN 3 

TEN 
DETERMINE CURRENT 

CHARACTER AND TYPE IT 

"ZET 
f    RETURN J 

bl 

ma . .   
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D7 

TWO GET s & R CODES rköM 
DISK FOR THIS TRIAL 

yS   $  CODE  N. NO 
y^               ■       > r RETURN 
N.  CURRENT      . 
Nv  ClIARACTEl/ 

? "1 
YES 

ADVANCE TOTAL COUNT 
AND CURRENT COUNT 

YES 
-»* 

ADVANCE CURRENT 
OQUtECT COU::T 

HZ 
U 
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v 

I 

._^..... .-v-.-.f-« ft-.' VM-w^V y' "-• 

C FOCAL-12 

01 .05  T   Z4.0 
01.06 o T;S N3=0;s N4=0 
01.10   L  O#F1'I'1001'14 
01.15  T  "OVERALL"*! 
01.20   S  C=1C0;D   3 t 

01.21   F  0193*215;D   3 
01.85   T   !*<N3*10ö)/N4*N3i .N4>i;0 
01.90   L   G#£SPLITS#13 

02*10   S   D=I+6 
02.11   S  A2=F1(D);S  A3=F1CD+1) 
02.20 I    <A2-C)2.21*2.22; 
02.21 R 
02.22 S  N2 = N2+liS  N4=»N4 + 1 
02.23 I    (A2-A3)2.21#2.3*2.21 
02.30   S   N=N + 1 

03*20   S   N2=0;S   N«0 
03.25   F   I=0*255;D  2 
03.30 I   (N)3.31>3.31>3.32 
03.31 R 
03.32 S  N3=N3+N;S AI=C;D   10;T " 
03.A0   T   S4.1>N*1ÜÜ/N2#N*N2#I 

"S 

«; 

6(3 
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10.10   I <Al-i90)10.6; 
10.11   I <A1-194>10.66; 1 

10.12   I (Al-196)10.67; • 

10.13   I (Al-197)10.68; 
- 

10.14   1 <Al-198)10.69i .  • 

10.15   I <Al-201)10.7i y 

10.16   I <Al-2a2)i0.7i; • . 
10.17   I (A1-2O5>10.72; 
10.18   I CA1-206>10.73J ' '   •       t 
10.19   I <A1-207)10.74; •• 
10.20   I (Al-208)10.75; 
10.21 I 
10.22 I 

(Al-209)10.76; J 

CA1-211)10.77; -      • 

10.23   I <A1-212)10.78; ■' 

10.24   1 (Al-213)10.79; ' 
10.25   I <A1-214)10.8; • 

•    10.60   I (Al - 1 60>10.6U10.t;i> 10.61 
10.61   I (Al-163)10.62/10.82« 10..62 . 
10.62  T .,?,.;R i 

10.66 T "A'^R „* 

10.67 T 
10.68 T 

"C'^R N 

"D'^R 
10.69  T 

ME";R                                          ^ ', 
10.713   i "ti"}R 
10.71   T "I";R . 
10.72   T "L'SR 

■ 

10.73  T "WiR 
10.74   T "N'SR ' 

10.75  T "0"}R . 
10.76  T "P";R ' 

10.77  T "RM;R 
10.78   T ..S...R / 
10.79   T ..T,..R • 

10.80  T "U'^R 
10.81   T N      M.R 

10.82  T ..#...R 
• 

♦ 

1 •     • 

1 

M 
  -----  
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PROGRAM NAME:  SPLIT 

FUNCTION: Determine the percent of responses which were correct for 

each of 16 characters in quarters (64) of the total session. 

LANGUAGE: FOCAL-12 

DESCRIPTION: For each successive 64 trials, the S code data records 

packed on the disc are examined for correspondence to each 

of 16 characters sequentially.  If the S code matches the 

current character, the current counter is incremented, and 

the R code is then tested for correspondence.  If the R 

code matches the S code then the current correct counter 

is incremented. At the conclusion of testing all trials 

for S code correspondence the percent of correct responses 

are printed out. 

PROGRAM CALLED:  HEADER 

HS 
.  ;- ---■-■"—  -..;i-^ ..--^          -  -•—   , .. ^ . ^ w. .■^J.-.-l-.. ■■ III«— II I 
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FLOWCHART FOR SPLITS 

START I 
ENABLE DISK 

FILES 

I 
TYPE HEADING 

I 
FOR QUARTERS 

1 THRU A 
CALL FOUR 

THREE 

I 
GO TO 

HEADER 

CLEAR CURRENT 
TOTALS 

I 
FOR 64 TRIALS 
CALL TWO ] 

ADVANCE TOTAL 
COUNTERS 

I 
CALL CHARACTER 
DECODER (TEN) 

I 
PRINT PERCENT 
CORRECT TOTAL 
CORRECT FOR 

THIS QUARTER 

1 
f    RETURN   ] 

FOUR CLEAR TOTAL 
COUNTS 

i 
SELECT BLANK 
& CALL THREE 

I 
(FOR ALL ALPHAS \ 

CALL THREE  I 

"TZT 
PRINT QUARTER 

TOTALS 

I 
C     RETURN   J 

TWO GET S & R CODES 
FROM CLOCK FOR 

THIS TRIAL 

ADVANCE TOTAL 
COUNT & CURRENT 

COUNT 

'S COI 

COD1 

[   RETURN  J 

DU 

J&C     RE. URN   J 

K « 
tr- 

ADVANCE 
CURKi'.NT 

y 
? CORRECT 

tOUNT 

NO 

■ ■■-..—-■ ■ .  „>->^- • ■      ,^h- 
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\ 

) 
I 
| 

! 

C  FOCAL-12 

01.0b   T  Z4.0 
01.06  0  T 
01*10   L  0*Fl,l,«QQl,14 
01.15   T   l*MQUARTER  ANALYSIS"*I 
01.20   F   J»0,3;T  "QUARTER'S J+l, I ;D 
01.85  0  S 
01.90  L  G>SHEADERJ13 

02.10 S  D»((ü*64)+Jl)*6 
02.11 S A2=F1(D);S  A3=F1(D+1) 
02.20 I   <A2-C)2.21>2.22; 
02.21 R 
02.22 S   N2=N2+i;S   N4=N4+1 
02.23 I   (A2-A3)2.21*2.3*2.2l 
02.30   S  N=N + 1 

03.20   S   N2=0;S  N=0 
03.25   F  J1=0*63;D  2 
03.30 I   <N>3.31*3.31*3.32 
03.31 R 
03.32 S  N3=M3+N;S  A1=C;D   10;T  "   " 
03.40   T  %4.l*N*100/N2*N*N2*I 

04.05   S   N3=0;S  N4=0 
04.10   S  0=1 60;D  3 
04.20   F  C=193*215;D   3 
04.30   T   !*<N3*100)/N4*N3*N4#!*I 

v 

H7 

- 
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10 .10 <Al-190)10.6i 
10 • 11 (Al-194)10.66; 
10 .12 (Al-196)10.67; 
10 .13 <A1-197)10.68; 
10 • U <A1-198)10.69; 
10 .15 <A1-201)1O.7; 
10 .16 (Al-2O2)10.7i; 
10 .17 (A1-205)1O.72; 
10. .18 (Al-206>10.73; 
10. .19 (A1-2O7>10.74; 
10. • 20 (A1-2O8H0.75; 
10. • 21 (Al-209)10.76; 
10. .22 <A1-211>10.77; 
10. .23 CA1-212)10.78; 
10. .24 (Al-213)10.79; 
10. .25 CAl-ül4)10.8; 
10. .60 CA1-160)10.61/10.81/10.61 
10. 61 CA1-163)1 P.62/10.82/10.62 
10. .62 "?";R 
10. 66 "A'SR 
10. 67 "C"iR 
10. 68 "D";H 
10. 69 "E"}R                          ' 
1C. ■ 70 "H'-z-R 
10. 71 "I'SR 
10. 72 "L'SR 
10. 73 "MM;R 
10. 74 ..NM.R 

10. 75 "O'^R • 
10. 76 ..p,..R 

10. 77 •R'SR                ) 
10. 78 ••SM;R 
10. 79 "TSR 
10. 80 "U'^R 
10. 81 T ..     M.R 

10. 82 T m§*in 

.t 
••v •--- 

I / -k.^    iMWi .«^•'.•M^«.« ■*t*^ 

.; 

— 

SH 
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PROGRAM NAME:  HEADER 

FUNCTION:  Print heading for latency analysis. 

LANGUAGE:  FOCAL-12 

DESCRIPTION: Same as f«metion. 

PROGRAM CALLED:  LATENT 

^ 
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FLOWCHART FOR HKADLR 

START I 
PRINT HEADKR 
FOR LATENCIES 

CO TO 
LATENT 

OfO 
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C  FOCAL-12 

01.10 0 T 
01.15 T "   PERCENTS MUSCLES"#1 
01.20 T •• RL RTM 
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ARPA Instructions to Subjects 

This 1« a study of human performance. He are interested in ways 

to improve human performance. You will be given various signals, each 

of which calls for a specific response from you.  You will nuke many 

wrong responseii at first, but your Performance will improve with the 

number of trials.  Don't worry about making a wrong response—they are 

useful to us too, but try your best to make the right one. 

The signal will consist of a pattern of lights which are arranged 

In a horizontal row. There is a total of four lights, and the pattern 

■«y consist of any combination of lights from "all off" to "nil on". 

Your response will consist of a movement of your thumbs and 4th 

fingers on both hands cither one «t a time or in various combinations. 

Thi». movement causes a change in the electrical potential of  the 

activated nwscle. We can monitor and record this change of potential 

as an clectromyogram (mc). This Is done by placing a surface electrode 

on the skin Inwediately overlying the activated muscle.  (This involves 

no pins or clamps—the electrode merely lies flat on the skin). There 

is no shock Involved. With this electrode system we can only record- 

not stimulate. When you make a response, we will monitor the EMG only— 

we are not interested in the actual, overt movement. If you can generate 

a potential of adequate ta.Knltudc without a large amount of movement— 

by all maans, do so. 
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AsslRnmcMU: nf Fingers and Lights 

Basically, the experiment works like this:  '..'hen one or more of 

the four top, yellow, lights is lit, it is a signal for you to move the 

muscle which has been assigned to that light. 

The assignments are as follows: 

LEFT LEFT        RIGHT        RIGHT 
LITTLE        THUMB        THUMB       LITTLE 
FINGER FINGER 

Place your open hands palms down on the armrests of the chair. The 

lights and muscles are in the same sequence horizontally. 

As different combinations of lights flash on, try to match them 

with the appropriate combination of movements.  Your response should 

come as soon as possible alter the lights appear. A new trial will be 

given every 6-10 seconds, and there will be a total of 256 trials per 

day. A run will last about one hour. 

(Errors): 

You can make two types of errors in your response:  1) you can 

fail to match with an EMG a light which is lit; 2) you can make a 

muscle-response which is not called for—that is, the corresponding 

light is not lit. 

In both cases, you will fail to see the square red light on the 

right side of the panel light up. This light is only turned on by a 

correct response. When you sec it lit up after a trial, you know that 

you have made the desired response.  Please try to pet accuracy first. 

|   speed second. 
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The following information is only given to the biofeedback. subjects.. 

Obviously, this is a learning task, and you are learning to give 

the correct response to the "stimulus" lights. To aid you in learning, 

you receive several kinds of feedback. 

First, feedback is xepresented by the green "response" lights 

directly undor the "stimulus" lights. You turn on these lights your- 

self, with tlu EMGs generated by your muscles. Again, each light 

corresponds to a muscle—the same muscle as the light directly above 

it. These lower lights light up individually as soon as you make the 

response.  If the pattern of the "response"-lights matches that of the 

lit "stimulus"-liglits exactly, you have made the correct response and 

the red light on the right will light up. 

In addition to the lights, there are four speakers arranged 

around you in tiie booth.  These correspond to the various muscles we 

are recording from and each will emit a beep-tone when the appropriate 

muscle is activated.  The speaker on your immediate right will be 

activated by your right little finger, the speaker in front of you on 

the right corresponds to your right thumb, and the correspondence is 

the same on the left:  rear speaker--!ittle finger, front speaker— 

thumb. These speakers, like the lights, will tell you when you are 

activating the muscles they are linked to. 

We have designed these visual and auditory signals to let you 

know what sort of response you are making. They are meant to help 

you in your task—learning to match the ,,Rtimulus"-light pattern 

presented to you with the greatest possible accuracy nnd speed. Use 

them to your advantage. 
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